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A.I3VERTISEMENT. 



United States Commission op Fish and Fisheries, 

Wdshingtonj i). 0. 
Congress, by joint resolution of February 14, 1881, authorized the printing of an 
annual bulletin for the publication of new observations, discoveries, and applications 
relating to fish culture and the fisheries. The previous numbers of this bulletin have 
been composed chiefly of short articles, extracts from the official correspondence, and 
translations of foreign papers. The increased operations of the Fish Commission dur- 
ing 1888 have made it possible, however, to apply the bulletin for that year almost 
exclusively to the results of the Commission's work, and the present volume will be 
found to contain much original material of great importance to the different fishery 
interests. A few changes have also been made in the printing of the volume which 
are considered to be advantageous. The size of the page has been slightly enlarged 
to afford the necessary space for suitable illustrations, and the unbound edition of 
the volume has been issued in the form of completed papers instead of by signatures 
as heretofore, thereby permitting of a more judicious distribution of its several parts. 
The present bulletin is the eighth of the series. 

MABSHALL McDOKALD, 

CommisHoner, 
ui 
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A.— INTRODUCTION. 



1. PREVIOUS KNOWLEDGE RESPECTING THE FISHING GROUNDS OF THE NORTH 

PACIFIC OCEAN. 

Although it had been known for many years that the Pacific coasts of North 
America were abandantly provided with choice varieties of edible fishes, it was not 
antil 1880 that even the economic species inhabiting that region were thoroaghly 
studied and classified, and the Alaskan cod determined to be the same hs the cod of 
the North Atlantic. The first cod brought to San Francisco from the North Pacific 
region were taken in 1863 off the island of Saghalien, in the Ochotsk Sea, by a vessel 
which discovered them by accident. Two years later seven vessels were engaged in 
this fishery, and in 18G6 they began to fish in the neighborhood of the Shumagin 
Islands, on the Alaskan coast. The largest number of vessels that took part in this 
industry prior to 1880 was twenty-one, in 1870 ; while the largest catch was made in 

1879 by thirteen vessels. 

The absence of large and convenient markets has hindered the development of the 
ocean fisheries on the Pacific coast, notwithstanding that their practically unlimited 
resources have been widely known and frequently discussed. But with the completion 
of several railroads, affording the means of transporting fresh produce into the interior 
of the country , with the prospect of establishing a large and lucrative trade in salt cod 
and other si>ecies with the markets of South America and Asia, and, not least impor- 
tant, with the advent of New England fishermen, a renewed and stronger interest has 
sprung up in relation to these same fisheries, which seems destined to exert a marked 
influence upon the future welfare of the Pacific States and Territories. 

Until the summer of 1888, however, no systematic investigations had been made 
to determine the extent and character of any of the fishing grounds located in the 
North Pacific Ocean. Prof. George Davidson, in the Alaska Coast Pilot for 1869, 
mentions several shallow off-shore soundings, indicating the existence of banks, on 
some of which he found cod to be abundant. In the report of the United States 
Department of Agriculture for 1870, Mr. William H. Dall has brought together all of 
the information that was obtainable at that time respecting the fishing grounds and 
food-fishes of Alaska. The same subject was further elaborated and brought down to 

1880 by Dr. T. H. Bean, in two important papers which have been published by the 
U. S. Fish Commission.* The fishing grounds between the Straits of Fuca and Lower 



* TarletoQ H. Bean. The Fishery ResourceH and Fishing Grounds of Alaska. <[The Fisheries and 
Fishery Industries of the United States, by George Brown Goode and a staff of associates. Section 
III, pp. 81-115. Washington, 18(^7. 

The Cod Fishery of Alaska. <Idem. Section V, pp. 198-226. Washington, 1887. 
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California were also reported apon in 1880 by Dr. David S. Jordan, who was able to 
procare bat few data concerning them, although many portions of this coast were 
otherwise well known. ^ 

The following accoant of the Alaskan* groands is extracted fh>m Mr. Dall's 
report:* 

. ''The most frnitfal of the Alaskan fishing groands are considerably to the north of 
the limit of the migrations of the cod, and may be said to extend northwest fh>m Yak- 
atat or Bering Bay along the coast and the line of the Kadiak and Aleutian Archi- 
pelagoes. The cod banks are generally in the vicinity of land, yet off-shore banks 
have been and will continue to be discovered, though the fishermen endeavor to retain 
the secret of such discoveries. Such banks are usually to be looked for in the 
direction of the trend of the adjacent islands or in lines parallel to that trend. The 
soundings of Portlock, Vancouver, and the U. S. Ooast Survey expedition prove the 
existence of a comparatively shoal bank extending along the southeastern coast of 
Afognak and Kadiak, with a deep pocket (no bottom at 90 fathoms), 25 miles east of 
St. Paul. The shoalest water found upon this bank by Mr. Davidson, of the U. S. 
Ooast Survey, was 45 fathoms. It probably extends along the southeast shore of 
Kadiak. Belcher caught cod and halibut off Gape Greville, the eastern point of 
Kadiak. South by east 14 miles from the eastern end of the easternmost point of the 
Trinity Islands, Vancouver found bottom at 50 fathoms, and 15 miles south of Ukamok 
at 75 fatLoms. Thirty-five miles east of the south end of the island of Niuniak, the 
most southern of the Shumagin Group, Mr. Davidson obtained bottom at -40 fathoms, 
and 9 miles southeast ot the Sannakh Beef at 35 fathoms. Near this last-named locality 
Gook caught over one hundred halibut, ranging from 20 to 100 pounds each ; he there- 
fore called it Halibut Island. Mr. Davidson discovered a fine cod bank about 65 miles 
southeast (true) from the middle of Akutan Pass and 40 miles south-southeast from 
Unimak Pass. Here the water has a depth of 60 fathoms, with pebbly bottom. Many 
fine cod were caught, of which one was 36 inches long, 23 inches in girth, and weighed 
27 pounds. 

<^ Some of the vessels are said to commence fishing along the coast north of lati- 
tude 54<^ 40^ north, and to work northward along numerous banks which they have 
found. The fish are taken in from 15 to 40 fathoms, the very best fish in the deepest 
water. The banks along the Gulf of Alaska, around the Kadiak Group, and part of 
the Aleutian Ghain have an area of not less than 45,000 square miles, with a depth of 
not over 50 fathoms. If the fishing depth extends to 100 fathoms there is little doubt 
that the cod-fishiug area will reach 100,000 square miles. In addition to the fisheries 
of the Great Bank the cod are reported to run in great numbers in and around the 
entrance of Hamilton Bay, near the western part of Frederick Sound. Lisiansky 
caught them with hook and line in Sitka Sound, Portlock abundantly at Port Etches, 
and Belcher near Gape Ghiniak." 

After discussing the in-shore cod-fishing grounds along the Alaskan coast, Dr. 
Bean states that '^ extended areas of soundings on which cod assemble in great masses 

' David S. Jordan. The Sea Fishing Grounds of the Pacific Coast of the United States from the 
Straits of Fnca to Lower California. <^The Fisheries and Fishery Industries of the United States, etc. 
Section III, pp. 79, 80. Washington, 1887 

' The Food Fishes of Alaska. <Report of the Commissioner of Agriculture for the year 1870, 
pp. 375-392. 
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are present in the Gulf of Alaska, bat they have been but little investigated, and their 
limits and characteristics are imperfectly known." He then describes each of the off- 
shore fishing banks known to exist in this region at that time, giving in some detail 
the incidental and unconnected observations by which they were distinguished. From 
this account the following summary has been prepared: 

Porthck Bank. — Known chiefly from a single series of soundings extending in a 
northeasterly direction from the eastern end of Kadiak Island, about 115 miles, with 
more numerous soundings near the land. A few widely separated soundings indicated 
the extension of the bank along the southeastern side of Kadiak Island, where Alba- 
tross Bank has recently been developed by the Fish Commission. The extent and out- 
line of these banks were wholly unknown. 

Shumagin Banky formerly called Simeonoff or Seminoffsky Bank, was indicated by 
only two accurate soundings offshore. This bank had, however, been resorted to by 
fishing vessels from which further inform atiou of a general nature was obtained. Its 
length was estimated by different persons at from 10 to 40 miles. 

Sannakh Bank was located by two positions. 

Davidson Bank^ south of Unimak Pass, was known solely from the observations 
of Prof. George Davidson, of the U. S. Coast Survey, who made a number of sound- 
ings upon it in depths of 50 to 60 fathoms, and established its character as a fishing 
bank by making several successful trials for cod. 

Single soundings are recorded by Dr. Bean south of XTnalashka Island, south 
of Umnak Island, and south of Amchitka Island ; and he also describes many grounds 
near the shore, especially in the neighborhood of settlements. Most of the fishing has 
been done on these in-shore areas " at such distances as may be traversed by canoes 
and dories.'' 

The following extract from Dr. Jordan's report states concisely the condition of 
the ocean fisheries between the Straits of Fuca and Lower California at the time of 
his investigations in 1880 : 

^' Except the salmon fisheries of the Sacramento and the Columbia, and the ocean 
fisheries in the immediate neighborhood of San Francisco, the fisheries of the Pacific 
coast exist only as possibilities. For the most part only shore fishing on the smallest 
scale is done, and no attempt is made to discover off-shore banks, or to develop them 
when discovered. ♦ ♦ ♦ Between the rocky headland of Point Reyes and the 
entrance to the Golden Gate is a long stretch of smooth sandy bottom at a considera- 
ble depth. Tlio bottom here swarms with flounders, and a mode of fishing is pursued 
analogous to the trawl net of the Atlantic — the fishing of the paranzella. This mode 
of fishing is doubtless possible outside of the kelp at many places along the coast, but 
the markets elsewhere are too small to make it profitable, excepting on a few small 
reefs in the neighborhood of the Farallones where rock cod abound, and at the mouth 
of Monterey Bay ; and beyond this stretch of deep water now fished by the paranzella, 
we can hardly say that any definite off-shore fishing grounds exist south of the Straits 
of Juan de Fuca. Off the mouth of the Straits of Fuca, about 8 miles northwest of 
Cape Flattery, there is an extensive halibut bank where the Indians take halibut in 
large numbers, and which may some time become of importance to the white people.'' 
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a. PLANS AND NARRATIVE OP THE CRUISE. 

Plans. — ^The steamer Albatross was dispatched to the Pacific coast for the par- 
pose of iDvestigating the ocean fishing grouads adjacent to the territory of the United 
States, and with a view to famishing accarate information respecting their positions, 
characteristics, and resources, to the American fishermen. Barring the fact that they 
are mach less resorted to at present than are the corresponding gronnds upon the 
Atlantic coast, there was greater need of sabjecting them to a careful survey, as even 
their outlines and surface contours had never been determined, while the same features 
of the eastern grounds have been known to a large extent for many years. The 
steamer Albatross is especially adapted for the different branches of this class of work, 
having all the most approved appliances for sounding, dredging, and fishing, many of 
which have originated or been perfected in the service of the Fish Commission. She 
was commanded by Lieut. Commander Z. L. Tanner, U. B. Navy, who had been in 
charge of all of her operations on the Atlantic coast. Mr. Charles H. Townsend, who 
had had several years' experience in Alaska, acted as naturalist, while fishery matters 
were attended to by Mr. A. B. Alexander, formerly of the Gloucester (Mass.) fishing 

fleet. 

Considering that the season was well advanced l>efore it was possible to begin 

active work, it was decided to send the Albatross directly to Alaska, where good 
weather for her operations could not be expected to continue beyond the summer 
months, after which she would return to the coasts of Washington Territory, Oregon, 
and California. The region selected for exploration was to the south and southeast 
of the Aliaska Peninsula and the easternmost of the Aleutian Islands, comprising the 
entire width of the submerged continental plateau between the island of Unalashka 
and the longitude of Prince William's Sound, as the principal known fishing banks 
were contained in this area. Lines ol' soundings were to be run over as large a part 
of the region as possible, with the object of locating till of the elovations of the bottom 
which might properly be designated as banks. The latter, whewver discovered, were 
to be carefully sounded over in order to determine their extent, outline, and surface 
contour, and the character of the bottom. The richness of the Intttoin as depend- 
ent upon the abundance of animal life, indicating giKKl reiMling gn)unds, and the 
actual presence, abundance, and size of edible fishes, especially the ihhI, were to be 
ascertained by frequent dredgings and by the use of hantl linos and trawl lines. 
Attention was also to be paid to the surface-schooling fishes, to the inipon ant question 
of the bait supply, to the history and present condition of existing fisheries, and to all 
other matters bearing upon these subjects. 

When the weather became unfavorable for continuing the work in the Alaskan 
region. the steamer was to return south, and, after refitting at Seatths In^gin uiH>n the 
same basis the exploration of the coasts of Washington Territory an«l ihvgon. 

Narrative.— The steamer Albatross left San Francisco, (^uK, for A luMku .1 \\\y 4, Iv^SS, 
at 9.30 a. m. Thirty live lobsters, being part of a shipment sent to i ^illfiM niii fj^oiu the 
New England coast in June, were taken on board and oarritnl as fur iin rrlnidml \Uh\k\ 
lighthouse, California, in about latitude 41© N., where they were phuitiMl In a luvor 
ble locality which had been recommended by Prof. George DavltUon. \Muu doiuhuMl 
by head winds on the way to the coaling station at Departure Hay, VaniMinviM Ulaud, 
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it was considered prudent to make a short stop at Esqnimalt, situated at the sonth- 
eastern extremity of the same island, where a small supply of coal was obtained from 
Her Britannic Majesty's dock-yard. The coaling of the ship at Departure Bay was 
finished July 11, and she immediately proceeded northward by way of the inktnd pas- 
sage between Vancouver Island and the mainland. An anchorage for the night was 
made in Tribune Bay. Seymour Narrows were passed the next morning just as the 
tide was beginning to ebb, which caused strong eddies and whirls, but the passage 
was made without difficulty. Stops were made the same day at Alert Bay and Fort 
Rupert for the purpose of obtaining a supply of clams to use as bait on the northern 
fishing grounds. A large number were secured at the latter place, where the steamer 
also anchored for the night. 

Leaving Fort Rupert July 13, the steamer passed through Goleta Channel and 
thence into the open sea, where a course was laid in the direction of the Shumagin 
Islands. July 19 a line of deep-sea soundings was begun m a depth of 2,550 fathoms, 
latitude 52P 15' N., longitude 156^ 37' W., and carried during that and two succeeding 
days, 390 miles N. 88^ W. to ofi Unalashka Island. A line of soundings was run from 
the end of this series to the mouth of Kiliuluk Bay, Unalashka Island, and the inves- 
tigation of the Alaskan fishing grounds was then begun. The details of this work are 
fully explained in a subsequent part of this report, and only the general progress of 
the steamer and the principal points of interest visited need be mentioned in this con- 
nection. The researches were carried northeastward from the vicinity of Unalashka 
to the reported position of Pamplona Rocks, the most time being spent in those regions 
where banks had been reported by the fishermen or where their existence had been 
conjectured upon other evidence. 

Ten or eleven days were spent in the vicinity of Unalashka and Unimak Islands, 
including Davidson Bank. Soundings were carried through Unimak Pass and off the 
northern side of Akun and Akutan Islands to Iliuliuk Harbor, Unalashka, where a 
supply of coal was obtained and where opportunity was given to study the fisheries 
and the in-shore fishing grounds of the region. The reported positions of Lenard 
Bock and Anderson Rock south of the Sannakh Islands were examined July 30, and 
on the following day the steamer arrived at Humboldt Harbor, Popoff, one of the 
Shumagin Islands. At this place the services of Capt. Paul M. Pavloff, a well-known 
pilot of the coast, were secured. Subsequently, Eagle Harbor, Nagai Island, and 
Yukon Harbor, Big Koniashi Island, were visited. About six days were spent in the 
region between the Sannakh Islands and the Shumagins, and on Shumagin Bank, the 
exploration of which was completed August 6. From the Shumagin Islands sound- 
ings were carried to Mitrofania Island and Bay on the mainland, and thence to Light- 
house Rocks, Ghirikoff Island, and the Trinity Islands, the Albatross arriving at Old 
Harbor, on the southern side of Kadiak Island, August 10. The development of Alba- 
tross Bank occupied five days, and on the 14th the harbor of St. Paul, at the eastern 
end of Kadiak Island, was reached. The steamer was detained here until the 20th in 
coaling and in studying the fisheries and shore fishing grounds, beginning the inves- 
tigation of Portlock Bank August 21. On the afternoon of the 24th an anchorage was 
made off Middleton Island, which was visited the next day for the purpose of deter- 
mining its precise position and the character of its surroundings. From this point 
the Albatross proceeded to one of the reported positions of Pamplona Rocks, in lati- 
tude 590 03' N.9 longitude 142^ 40^ W., where a thorough search was made for these 
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sapposed dangers to oavigatiou, bat no trace of them was foand within 20 miles of 
this locality. Having finished this examination, a coarse was laid down the coast, 
soanding and dredging stations occasionally being made on the way until September 
ly when the steamer entered Goleta Channel and proceeded throagh the inland pas- 
sage to Departure Bay, making night anchorages in Alert Bay and Tribane Bay. 
After coaling at Departure Bay thjB voyage was continued to Seattle, Wash. Several 
casts of the beam trawl were made during the inland trip from Goleta Channel south- 
ward. 

It was September 6 when the Albatross arrived at Seattle, where she was detained 
until the 17th of the same month, undergoing a few necessary repairs. The examina- 
tion of the coasts of Washington Territory and Oregon was then begun. During the 
progress of this work visits were paid to Port Townsend, Neeah Bay, Victoria, Barclay 
Sound, and Departure Bay, the last three places being on Vancouver Island. The 
first trip lasted until October 1, during which time the explorations were carried on 
along the outer coast from Barclay Sound, in the north, to off Shoalwater Bay, Wash- 
ington Territory, in the south. Four days were spent at Seattle, after which the work 
was continued southward from Shoalwater Bay to Heceta Bank, Oregon, a visit also 
being paid to Astoria, at the mouth of the Columbia River. San Francisco was reached 
October 21. 

3. SUMMARY OF RESULTS. 
ALASKA. 

As previously explained the steamer Albatross wixs sent to Alaska chiefly for the 
purpose of developing the off-shore fishing grounds occurring upon the submerged 
continental border south of the Aliaska Peninsula and the easternmost of the Aleu- 
tian Islands. Work was begun in the neighborhooil of Unalashka Island and carried 
thence eastward to the reported position of Pamplona Rocks, in latitude 59^ 03' N., 
longitude 142° 4(y W. Although much foggy weather was encountered, making it 
difiQcult at times to locate the sounding stations with accuracy, the investigations were 
vigorously pushed and most successful results wert^ accomplished. When dotaineil in 
port for the purpose of coaling or to escape bad weather, attention was paid to the 
in-shore fishery resources and to the practical fisheries, respecting lH>tli of which sub- 
jects important information was obtained. In the report following this summary will 
be found a complete detailed account of all of these explorations, the brief outline of 
results here given having reference only to the off-short> groiuuls. 

The five banks whose positions were indicated by older surveys, namely, Oavid- 
son, Sannakh, Shumagin, Albatross, and Portlock Hanks, weiv nu>re thonmglily exam- 
ined than were the intervening areas, some of which, however, nniy, u|H)n Airther 
examination, prove to contain fishing banks of e^\\m\ value, and not inferior in sise to 
at least the smaller of the banks mentioned. Good fishing was ohtiiined at nearly all 
localities where trials were made with hand lines, whether upon defined banks or uihhi 
the more level grounds between them, and it is natural U} infer tliiit the entire sub- 
merged plateau from off Unalashka Island toFairweatherOround is one inimensefishing 
bank, limited upon the outer side only by the abrupt slope, which niii.v be said to U^gin 
about the 100-fathom curve. Equally good fishing can not 1h^ expected to exist in all 
parts of this area, some places being more favorable for the ftHHUng antl spawuiug ot 
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the cod and halibnt than others, and as a rule the larger fish have to be sought for in 
the deeper waters. This important tract of fishing ground can best be compared with 
the succession of well known banks which skirt the southern border of the British 
Provinces on the eastern coast of North America from the Gulf of Maine to beyond 
Newfoundland, but its total area is much less. 

HTDROGBAPHY OF THE ALASKAN FISHING GROUNDS. 

Vicinity of TJnalashka, — One line of soundings was made in approaching Kiliuluk 
Bay from the south, and another from the same bay in a southeasterly direction to 
the lOOfathom curve, which was traced eastward to Davidson Bank. A third line 
was also carried along the inner edge of the plateau from the entrance to Akutan Pass 
to Davidson Bank. These soundings were not sufficient to demonstrate the existence 
of a defined bank in this region, but it was estimated that an area of about 2,000 
square geographical miles to the westward of Davidson Bank was suitable for fishing. 
The width of the plateau at this place varies from 15 to 24 miles inside of the lOO- 
fathom line. Beyond this line the bottom drops off very suddenly here as elsewhere 
along this part of the Alaskan coast, a depth of l^OGl fathoms having been found 
within 34 miles of TJnalashka. 

Da/vidson Bank. — This bank was discovered over twenty years ago by Prof. George 
Davidson, of the tJ. S. Coast Survey, who made a number of soundings upon it in 
depths of about 50 fathoms, and found cod abundant in some places. Its outline and 
surface contour were established by the Albatross with considerable accuracy. The 
bank lies south of Unimak Island, and extends westward from the neighborhood of 
the Sannakh Islands to about the longitude of the southern entrance to Unimak Pass 
(about longitude 164o 40' W.). Its eastern end seems to be continuous with the shoal 
water surrounding the Sannakh Islands; its area was estimated at about 1,600 square 
miles. The greatest width of the submerged plateau oft' Unimak Island is 45 to 50 
miles. Depths less than 50 fathoms were found over a large part of the bank, 41 
fathoms being the shoalest water discovered. Between this shallow area and the 
islands to the north and northwest of it depths of 50 to 72 fathoms occur. 

Sannakh Bank. — The shoal water at the eastern end of Davidson Bank was traced 
some distance eastward along the southern edge of the Sannakh Islands, and between 
those islands and the reported positions of Lenard and Anderson Bocks; but still 
farther eastward on the same line of soundings (longitude 162o 22' W.) a depth of 60 
fathoms was found. Sannakh Bank begins immediately to the northeastward of this 
position, and covers an estimated area of about 1,300 square miles. Its outline a?\d 
surface contours were established by the Albatross, It lies to the east and southeast 
of the islands of the same name, is somewhat elongated in shape, and trends in a 
general way northeast and southwest. A small area having depths of 30 to 37 fathoms 
occurs near the center of the bank. A depth of 63 fathoms was found between it and 
the Sannakh Islands, and depths of 75 to 82 fathoms exist off the northern edge in the 
direction of the Sandman Beefis. 

Between Sannakh Bank and the Shumagin Islands. — In this area about 1,800 square 
mUes, more or less adapted to fishing, were partly surveyed, the depths ranging from 
38 to 74 fathoms. This region is free from the hidden dangers which render Sannakh 
Bank unsafe to those who are not well acquainted with its surroundings. 
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Shumagin Bank. — This bank lies to the soath and soatheast of the Shamagin 
Islands, and its outer margin follows approximately the trend of the coast line formed 
by the adjacent islands. It has been traced westward to about longitude 169° 52' W., 
but probably extends farther in that direction. East of the Shumagin Islands it 
reaches north to the latitude of Big Koniushi Island. Its width inside of the 100- 
fathom curve varies from 15 to 35 .miles, while its area has been estimated at about 
1,800 square miles. The depths over a large part of the bank are less than 50 fathoms, 
and the bank is not separated from the islands by deep water. 

Shumagin Islands to Kadiak Island. — Only a single series of soundings was carried 
across this wide area to the eastward of Shumagin Bank, with a double line extend- 
ing from the neighborhood of Lighthouse Rocks to Mitrofania Bay. These sound- 
ings were insufficient to demonstrate the full value of this region, but they indicated 
the existence of several fishing banks the outlines and characteristics of which must 
be left for future investigations. The extent of the area thus partly developed was 
estimated at about 4,400 square miles. 

Albatross Bank. — This bank lies off the southeastern side of Kadiak Island and 
extends the entire length of that island and also in front of the Trinity Islands. At 
the eastern end it is practically continuous with Pot tlock Bank. Along some por- 
tions of the coast, as in the neighborhood of Sitkalidak Island, the bank is separated 
from the land by comparatively deep water, while in other places shoal water inter- 
venes. The 100-fathom curve is distant 25 to 45 miles from the land, inside of which 
limit there is an estimated area of 3,700 square miles. The existence of this bank was 
predicted by Prof. George Davidson upon the evidence of a few isolated soundings, 
which were the only ones that had been made previous to the investigations of the 
steamer Albatross^ from which it has derived its name. 

Portlock Bank. — This is the largest single bank that has yet been discovered on 
the Alaskan coast, its area inside of the 100-fatbom curve being about 6,800 square 
miles, or only 1,600 square miles less than that of George's Bank, the second largest 
of the great banks of the western Atlantic. It extends northeastward from Kadiak 
Island, in the direction of Middleton Island, a distance of about 120 miles, and is irreg- 
ular in shape. Isolated soundings of 68 to 81 fathoms occur near Kadiak Island, at 
the western end of the bank, but there are no indications of a marked or extensive 
depression between the bank and the land. 

From Portlock Bank the soundings were carried to Middleton Island, the position 
of which was ascertained by a careful series of observations on a clear day. The 
reported position of Pamplona Eocks, in latitude 69° 03' N., longitude 142© 40' W., was 
next visited, but only deep wat^r was found within a radius of 20 miles of this locality. 
The Albatross then proceeded to Washington Territory. 

Character of the bottom on the banks.Sskud was the predominant material com- 
posing the bottom on these several banks, a gray sand being the moat common. This 
was combined in many places with pebbles, gravel, or broken shells, which were also 
recorded separately in some localities. Mud rarely occurred upon the banks or any- 
where inside of the lOOfathom line. Rocks were not found u|>on Davidson Bank, but 
on Sannakh Bank they compose a large part of the bottom, even in the deeper sound- 
ings. Eocky patches are numerous on Shumagin and Albatross Banks, but were 
observed only at the extreme western end of Portlock Bank, near Kadiak Island. In 
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the region between Sannakh Bank and the Shumagin Islands the bottom consists of 
sand, mud, pebbles, gravel, and rocks, but the last-mentioned material occurs only in 
the neighborhood of the islands and of Sannakh Bank. In the corresponding area 
between the Shumagin Islands and Kadiak Island fine sand was most abundant in 
depths less than 100 fathoms, with the admixture in places of pebbles, gravel, and 
broken shells, and occasional patches of mud and coarse sand. Green and blue mud 
usually composed the bottom in depths over 100 fathoms, but sand and rocks were 
also recorded. 

Off Unalashka sand was traced down to a depth of 228 fathoms, with mud at 261 
&thoms. Black sand was found in 342 fathoms just off Davidson Bank, while mud 
occurred in 435 fathoms off Sannakh Bank, with rocky patches at depths of 265 and 
464 fathoms. Sand and rocks composed the bottom off Shumagin Bank, in 105 to 119 
fathoms. Off Albatross and Portlock Banks gray sand was discovered in 208 fathoms 
and black sand in 594 fathoms. Muddy bottom, however, occurs in places close tc 
the 100 fathom line, but in the pocket which indents the southwestern end of the latter 
bank, with depths of 102 to 166 fathoms, the bottom consists entirely of sand. A rock; 
spot was found off Albatross Bank, in a depth of 485 fathoms. 

RESULTS OF DREDGINGS AND FISHING TRIALS ON THE ALASKAN GROUNDS, 

Dredging trials. — The beam trawl and the naturalists' dredge were frequently used 
upon the banks in order to determine the richness of the bottom as feeding grounds 
for fish. Nearly all the trials were very successful, resulting in the collection of a 
large amount of material bearing upon the natural history of this new and important 
region. The examination and identification of this material will, however, require 
considerable time, aud until that has been done it will be impossible to report upon it 
fully, or, tn fact, to state more than its general character and value. As was to be 
expected, the assemblage of forms strongly recalls the fauna of the great fishing banks 
of Eastern North America, aud many of the species from these two northern regions 
will probably be found t6 be identical on both sides of the continent. The more con- 
spicuous features of the hauls were the fishes, crustaceans, mollusks, and echinoderms. 
Edible fishes, crabs, and shrimps were frequently taken, the last-mentioned group often 
in great numbers. The dredging operations were entirely subordinated to those of 
sounding, as it was considered most important to first determine the outlines and con- 
tours of the banks, but the results were ample to prove the exceeding richness of the 
grounds with respect to the lower forms of animal life, upon which their value for fish- 
ing entirely depends. The details of the natural history work, so far as they can be 
given at this time, will be found in the main body of this report in connection with the 
discussion of each of the fishing banks. 

Trials for fish. — The trials for fish on the Alaskan banks and other off-shore 
grounds were made entirely with hand lines. God and halibut were the principal 
species taken, and are the only ones to which we need refer in this connection. Six 
to nine lines were generally used at each trial, which occupied from fifteen minutes to 
something over an hour each, according to circumstances. Salt clams and salmon 
were chiefly employed as bait, and pollock, sculpins, and co<l occasionally. The depth 
at which the fishing was done ranged from 27 to 84 fathoms, and every variety of 
bottom observed upon the banks was tried. A complete record of all the captures 
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made, showing the number of individaals of each sex taken, and their average weight 
and length, will be found at the end of this report. 

The fishing trials made by the AlbatrosSj as every bank fisherman will anderstand, 
do not furnish positive or conclusive results with respect to the average size of the 
fish inhabiting the banks. The large cod, as a rule, are the last to be attracted by the 
bait, being ^^ tolled" around the ship by the activity of the smaller fish in finding a 
new source of food. As time was too valuable, in the case of the AlbatrosSj to permit 
of long stops at any single position, the records concerning the size of fish taken are 
less gratifying than might have been, A length of 28 inches is taken as the standard 
size for off-shore fish on the Atlantic coast, and all under this size command a lower 
price in the markets. Out of twenty captures of cod recorded by the Albatross^ the 
average size of the fish attained this standard in only six instances; it was rarely 
below 24 inches, and generally above 25 inches. The trials were usually made during 
the progress of or subsequent to a sounding or dredging haul, the steamer often drift- 
ing with the tide and changing the ground before the lines had touched bottom. By 
anchoring, and especially by remaining some time in each position, much better results 
would undoubtedly have been obtained. 

Halibut were secured at nearly every trial ; a record of their size and abun- 
dance will be found in the description of each fishing ground, and also in the tabular 
statement above referred to. 

In four trials made off XTnalashka Island, aggregating eighty-five minutes, twenty- 
two cod were taken, averaging for the several trials from 21 to 28 j inches in length. 
In one instance, on Davidson Bank, twenty five cod averaged 28 inches, and in another, 
twenty-one cod, 24^ inches. Eighteen cod captured on Sannakh Bank averaged 23} to 
25 inches in length. The cod taken off Unga, one of the Shumagin Islands, had an 
average length of 30 inches; on Shumagin Bank, of 26} inches, and near theChin- 
koff Island of 23 J inches. Several trials were made on Albatross Bank, two of which 
were unusually successful. One was off Tugidak, the westernmost of the Trinity 
Islands, in 37 fathoms, where forty-seven cod were captured in thirty -eight minutes, 
and the other off Dangerous Cape, Kadiak, in 39 fathoms, where the capture amounted 
to sixty-nine cod in fifty minutes. At the former locality the fish averaged 28} inches 
in length, and at the latter 30f inches, in both instances being above the eastern 
standard. Pair after pair of cod were hauled up in quick succession at each of these 
localities, and they were seizing the bait as actively at the close of the trials as at the 
beginning. Only one large catch of cod was made on Portlock Bank, in a depth of 36 
fathoms, where thirty individuals, averaging 27 inches in length, were taken in the 
course of eighteen minutes. 

Bait— The bait question is one that will occasion no concern at present. The 
fishermen generally have no trouble in securing, during the progress of their work, all 
the bait they need, and several species of bottom fish, taken in connection with the 
cod, prove suflBciently attractive for the latter species. It is therefore customary, in 
fitting out, to provide only a suflBcient quantity of salt herring or salt clams to make 
the first few baitings, relying thereafter upon the supply of halibut, sculpins, or pol- 
lock captured on their own hooks. The yellow-fish (PUurogrammus monopterygius) 
is generally considered to form the best bait that can be secured in these waters ; but 
this species was not encountered by the Albatross. Sculpins, however, are regarded 
with scarcely less favor by the local fishermen, and they are everywhere abundant 
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Salt salmon was also foand to be very efficacioas by the Albatross. There are times, 
however, when the cod prefer other kinds of bait than can be taken by means of the 
hook, such as sqoid, lant, or capelin, but all of these species are abundant in their 
season, in close proximity to the fishing grounds, and can readily be secured in nets. 

WASHINGTON TERRITORY AND OREGON. 

Halibut banks off Cape Flattery. — No hydrographic work was done north of Gape 
Flattery, as the contour of the bottom in that region had previously been determined 
with suflScient accuracy for the purposes of this preliminary survey. The dredging 
and fishing appliances were used, however, in several localities. 

A well-known halibut bank, resorted to by the Indians, begins close to the shore 
in the vicinity of Cape Flattery, and extends thence northwestward some 15 miles with 
depths of 35 to 75 fathoms. Halibut are abundant here from early in the spring until 
the middle of June, when the bank becomes infested with dogfish and sharks. It was 
in this locality that the Gloucester schooner Mollie Adams obtained its fares of &esh 
halibut which were shipped to eastern markets during 1888. The bottom was found 
by the Albatross to be exceedingly variable, consisting of rocks, sand, mud, and shells, 
and the dredging appliances suffered severely, but all of the hauls were successful, 
demonstrating that the bottom is exceedingly rich in the lower forms of animal life. 
Two trials for Ush with trawl lines were made on this bank, one in 40, the other in 59 
fiathoms. In the former four halibut, averaging 47^ pounds in weight, and in the latter 
two halibut, averaging 55 pounds in weight, were captured. Several sharks and dog- 
fish were also secured. It was considered that a vessel properly equipped might pick 
up a good fare of halibut at this season, in a comparatively short time, but the fish 
were very much less abundant than they are reported to be in the spring. It has been 
shown, however, by the experience of the Mollie Adams that successful summer trips 
for halibut may be made to more northern localities. This schooner left Seattle July 
24, on a fletched halibut cruise, and, after trying in several places, found the fish 
abundant off the southern extremity of Queen Charlotte Islands, in depths of 30 to 45 
fathoms. The vessel continued on these grounds until September 8, fishing during 
nineteen days, and securing a fare of 150,000 pounds. About half of the halibut taken 
were large enough for fietchinp:, the remainder being used as bait or thrown away. 
The crew received $175 each as their share of the proceeds, or at the rate of about $9 
for each fishing day. Two such trips could probably be made in the course of a season, 
while the fletched trips to Greenland or Iceland from New England ports consume an 
entire season. One of the chief obstacles to the financial success of the fresh halibut 
fishery on the Pacific coast is the high price which the fishermen have to pay for ice, 
but it is expected that better arrangements will be possible in the future. 

The work of the Albatross was extended from the bank off Cape Flattery to the 
neighborhood of Barclay Sound, Vancouver Island, where the bottom was found to be 
less rich than farther south. The trawl lines were set in four separate localities, with 
depths of 24 to 66 fathoms. The total catch amounted to five halibut, one black cod, 
one cultus cod, thirty-nine dogfish, and seven sharks, but the indications were that 
good halibut fishing might be found in this region in the spring. 

Another halibut bank known to the Indians occurs off Flattery Eocks and between 
those rocks and Cape Flattery. Only one halibut, weighing 140 pounds, was taken on 
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the trawl lines, the catch consisting here, as elsewhere, mainly of sharks and dogfish. 
The bottom in all places where it was examined was composed of sand. While the 
Indians visit this bank in the spring it is not known whether the halibut are sufficiently 
abandant to encourage vessel fishing. 

After the numerous fishing trials made by the Albatross on this part of the coast, 
both with trawl lines and h^nd lines, it became evident that sharks and dogfish had 
taken possession of the grounds to the almost entire exclusion of edible fishes. In 
the spring these pests are rarely seen, but it is not known at what time in the fall 
or winter they disappear, as there has been no fishing done during those seasons, and 
no investigations had been made prior to the visit of the Alba>tross. 

The outer coast of Washington Territory. — Hydrographic soundings were carried 
on systematically along the entire outer coast of Washington Territory and as far 
south as Tillamook Rock, Oregon. The locality of certain fishing banks reported to 
exist some 60 to 75 miles southwest of Gape Flattery was visited, but no traces of the 
banks were found. Down to Gray's Harbor the soundings inside of the 100-fathom 
line indicate a nearly uniform bottom of gray sand. A bank reported by the Indians 
was, however, discovered and developed by the Albatross off Gray's Harbor. The bank 
begins about 15 miles southwest (magnetic) from Point Ohehalis and extends thence 
about 20 miles in a southwesterly direction. It has an extreme width of about 12 miles, 
and the bottom consists of sand, rocks, and mud. The dredging trials^ showed a rich 
bottom, and by means of the trawl and hand lines thirteen red rockfish, two black 
cod, and several sharks were captured. 

Coast of Oregon. — The trawl lines were set on the fishing grounds about Tillamook 
Bock, a short distance south of the mouth of the Columbia River, taking only seven 
dogfish, but the dredges brought up evidences of a rich bottom, indicating that good 
fishing might be obtained there at some seasons. 

Heceta Bank, which had been partly surveyed before, was further developed by 
the Albatross and found to have a length of about 20 miles and a width of about 10 
miles. The bottom is rocky, alternating with patches of clay and pebbles, and sup- 
ports a richer fauna than was discovered anywhere else to the south of Cape Flattery. 
One halibut, weighing lOJ pounds, one black cod^ one dogfish , and on e shark were 
the only fish taken on the trawl lines. The finding of h alibut at this locality gives 
promise that the bank may prove of some value during the early part of the year. It 
18 not resorted to at present, and the fishermen are unacquainted with its resources. 

lilOHABD liATHBUN. 
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4. DEEP-SEA SOUNDINGS SOUTH OP THE ALEUTIAN ISLANDS. 

ApproachiDg the Aleutian Islands, sonnding was begun July 19 in latitude 52^ iV 
N.y longitude 156^ 3T W., 2,550 fathoms, the bottom consisting of brown ooze. This 
was the first of a series of ten soundings, extending N. 88^ W. 390 miles, and made to 
further develop a remarkable submarine depression discovered hy the U. S. S. Tusca- 
rora in 1874 to the southward of the Aliaska Peninsula and the easternmost of the 
Aleutian Islands. The soundings of the Tuscarora revealed a depression simply, but 
geologists have predicted the existence of a submarine trough, running parallel to the 
islands and extending probably their entire length, to the sounding of 4,037 fathoms 
made by the Tuscarora off Attn Island. The Albatross soundings, supplementing those 
of Captain Belknap, developed this predicted trough to the extent of 400 miles. Its 
direction, where determined, is S. 65^ W. and N. 65^ E., nearly parallel with the trend 
of the islands, the center being 60 miles from the Shumagins and 100 miles from the 
southwestern extremity of TTnalashka. .It is about 30 miles in width between the 
3,000-fathom lines, with a maximum depth of 3,820 fathoms in latitude 52^ 20^ N., 
longitude 165© W. 

Having crossed the trough and reached the normal depth west of it, the Albatross 
ran a line to the island of Unalashka, in the vicinity of Kiliuluk Bay, developing the 
oontour of the slope and locating its position with reference to the land, on the after- 
noon of July 21. At 5.30 p. m. that day a sounding was made in 28 fathoms off Kili- 
uluk Bay. 

> These reporto have been compiled from the three separate reports of Lieat. Commander Z. L. 

Tanner, U. S. Navy, Mr. Charles H. Townsend, and Mr. A. B. Alexander, covering the different branches 

of the work prosecuted during the cruise, all of which were, however, carried on under the direction of 

Lientenant-Commander Tanner. No material from other sources has been added. The original reports 

were in narrative form. They have been combined, rearranged, and in large part rewritten, in order 

to present the results of the explorations in more convenient form for reference. The account of the 

natural history work was furnished by Mr. Townsend; that relating to the fishing trials and the 

fiaheriee by Mr. Alexander, while Lieutenant-Commander Tanner is responsible for the hydrographio 

results, including the charts of the fishing grounds, the narrative of the cmise, sailing directions, and 

moat other matters not specified above. The detailed report of the latter wiU be published in the 

annoal report of the U. S. Commissioner of Fish and Fisheries for 1888. 

All bearings mentioned in this report are ** true'' unless otherwise stated. 

17 
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5. UNALASHKA ISLAND TO UNIMAK ISLAND. 
HYDROGBAPHIC WORK, DBEDGINOS AND TRIALS FOR FISH. 

Hydrogrwphic work. — ^The general contoar of the slope approaching Unalashka 
Island from the south was developed in the manner described above. Leaving Kiliu- 
Ink Bay on the afternoon of July 21, the Albatross ran a line of soundings in a south- 
easterly direction, a distance of about 20 miles to the 100-fathom curve, which was 
traced approximately 95 miles northeasterly to latitude 53^ 42' N., longitude 163o 
67' W., depth ^5 fathoms, on the southern edge of Davidson Bank. Subsequently 
four lines of soundings were made inside of the 100-fathom curve between the Aleu- 
tian Islands lying to the eastward of Unalashka and the region of the Sannakh 
Islands, in part crossing Davidson Bank. A line was also run through Unimak Pass, 
off the southwestern end of Unimak Island, and thence from off the northwest cape of 
the latter island in a southwesterly direction to the north head of Akutan Island. 
After coaling at Iliuliuk, soundings were begun July 28 at the southern entrance to 
Unalga Pass, and carried thence in the direction of Davidson Bank. 

Depths of 30 to 72 fathoms were found in Unimak Pass, 71 fathoms at the southern 
entrance, and 80 to 85 fathoms at the northern entrance. 

Dredgings, — Four dredgings with the beam trawl were made in this legion in 
close proximity to the land. Two hauls were made off the north head of Akutan 
Island at distances of 2 and 6 miles from land, in depths of 56 and 72 fathoms, the 
bottom consisting of black sand. One was off the southern entrance to Akutan Pass, 
in 45 fathoms, broken shells and pebbles, and the fourth was 10 miles farther to the 
eastward, oft Bootok Island, in 54 fathoms, sand, broken shells, and pebbles. The 
fishes taken to the northward of Akutan Island were, *'cusk," stellate flounders, sea 
ravens, sculpins, and several small specimens of the family Agonidce, 

At the two stations to the southward of Akutan Island there were secured several 
species of flounders, a kind of lump-flsh, a scaled sculpin, several species of Agonidce^ 
one ray, and other small forms. Of invertebrates, crustaceans (especially crabs and 
shrimps), moUnsks, and echinoderms were exceedingly abundant in most of the hauls, 
and other groups were largely represented. 

Trials for fish, — The first trial for fish was made as the steamer approached Una- 
lashka, about 15 miles south of the entrance to Kiliuluk Bay in 84 fathoms; bottom, 
black sand and pebbles. One line, baited with salt clams, was put over at this sta 
tion, and the bait was seized almost as soon as the lead touched bottom, an 11 pound 
cod being secured. At three subsequent hydrographic stations during the day, on the 
slope between Unalashka and the 100-fathom line, the bottom consisting of sand, 
further trials were made, using from two to eight lines at a time. These trials were 
all successful, and at one station a chicken halibut weighing 15^ pounds was ca])tured. 
The total catch for the day was twenty two cod, one halibut, two flounders, and two 
sculpins. The average weight of the cod ranged from 8 to llf pounds; the average 
length, from 21 to 28^ inches. Shrimps and small fish-bones were found in the stoin 
achs of the cod, and a t)artly digested fish in that of the halibut. 

Directly off the southern entrance to Akutan Pass, in a depth of 45 fathoms, the 
bottom consisting of pebbles and broken shells, no success was had, but only one line. 
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baited with salt clams, was used for twenty minates. Ten miles to the eastward of 
this point, in 54 fathoms, saady bottom, six lines, baited with clams and salmon, caaght 
two cod, three halibut, and one flounder. 

Off-shore fishing grounds. — The area lying between the longitude of Ugomok Island, 
at the southern entrauce to Unimak Pass, and that of Kiliuluk Bay (longitude 164^ 
b& to 167° W.), and between the coast Hue and the inner edge of the steep submarine 
slope, gives promise of affording important cod and halibut fisheries, but its charac- 
teristics are as yet very imperfectly known. Its extent, inside of the lOOfathom line, 
is estimated to be about 2,000 square geographical miles. 

South of Unalashka the 100- fathom line is distant 15 to 24 miles from the coast, 
approaching nearest to Gape Prominence, near the center of the island, and receding 
from the land toward the eastward. Off Tigaldi Island it is distant about 25 miles 
from land. Beyond the lOO-fathom curve the depths increase rapidly, 1,961 fathoms 
having been found about 34 miles off' the nearest point of Unalashka Island. 

The only soundings made on this area are two lines between Kiliuluk Bay and 
the lOO-fathom line, which is developed to the eastward as far as Davidson Bank, and 
one line along shore from Akutan Pass to off Ugomok Island. The bottom consists 
chiefly of sand, varying in color from gray to black, and with broken shells, pebbles, 
and gravel in places. Sand was traced on the edge of the slope to a depth of 228 
fathoms, but in 261 fathoms green mud was discovered. These few soundings do not 
indicate the existence of a defined bank in this area, separated from the coast by deeper 
water, but such an elevation may occur in its unexplored portion. 

Two dredgings only were made in this region, and they were both close inshore, 
as follows: off Akutan Pass, in 45 fathoms, and off' Bootok Island, in 54 fathoms. 
They indicate an exceedingly rich bottom, as previously explained. All of the trials 
for fish described above were also made on different parts of this ground. 

UNALASHKA HARBOR. 

Approaching UnalashJca Harbor from the northeast, — '^ The volcano of Akutan, 3,332 
feet in height, became prominent as we api)roacbed the island of that name (on the 
northern side), although the summit was enveloped in fog. The whole visible portion 
of the island was covered with a luxuriant growth of grass which could be seen sur> 
rounding great patches of snow still remaining in the gorges at an elevation of 1,000 
feet or more ; but there was not a tree of any kind to be seen. 

" Two hauls of the beam trawl were made off' the northern extremity of Akutan. 
We then laid a course for Cape Cheerful, about S. 55^ W., 24 miles distant. It was 
not visible until we were nearly up with Kalekhta Point, when it came out of the fog 
with such remarkable distinctness that it appeared close at hand in comparison with 
Kalekhta, uot one-third the distance from us, but just visible through the mist. Ap- 
pearances were so deceptive that it was only after cross-bearings had been taken that 
we could convince ourselves that we were not several miles out of position. 

"Priest Bock, near Kalekhta Point, is nearly as high as the point itself, is very 
conspicuous and an unmistakable landmark when open of the point, but in approach- 
ing from the northward it does not begin to open until it bears about S. 67^ B. Needle 
Bock, lying off the northwest extremity of Aniaknak Island, near Ulakhta Head, is a 
small pinnacle which has been mistaken for Priest liock when the latter has been ob- 
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scared by fog or mist, and has led vessels to the westward of the island into Captain's 
Bay, instead of Iliuliak, the port to which they were bound. It may be said that 
cross bearings woald make snch a mistake impossible, bat it too often happens in this 
region that anchorage must be made on a momentary view of one point only. Priest 
Bock once recognized, there shonld be little difficulty in reaching Unalashka, as a 
direct coarse leads to the oater harbor. 

^^ We anchored in the inner harbor of Hialiuk at 3.15 p. m., July 23, entering 
without the least difficulty, the channel having been buoyed by the Alaska Commer- 
cial Company. The steamer 8t Pauly belonging to the company, was at the wharf, 
preparing for a trip to the Seal Islands; and at the mooring buoy was the schooner 
Angel Dolly, with a cargo of walrus hides which she had taken in Moller Bay." 

Unalashka Harbor to the Pacific Ocean, through Unalga Pass. — *' Fog and rain pre- 
vailed, with intervals of partially clear, pleasant weather, during our stay in port, ^j 
We left Iliulink at 9 a. m., July 28, after several hours- detention by a dense fog, '\ 
which, however, had begun to lift at intervals, enabling us to see land at a distance of 
half a mile. Bounding Kalekhta Point, we stood for the southwest extremity of Unalga 
Island and through the pass of that name, which is to be preferred to all others for a 
steamer bound to or from Unalashka, particularly in thick weather. 

^^The distance through is short, and there are no hidden dangers, the rocks bor- 
dering the shores on either side being close to the land and above water. The tide 
rushes through the narrows with great force, causing heavy rips, and at times over- 
falls, but it was quite smooth when we passed out near high water. A vessel bound 
in would make the Signals, Egg Island, and the Old Man, lying off Cape Burka, all 
of which can be approached with comparative safety, the distance from the last-men- ■; 

tioned to the southeast extremity of Unalga Island not exceeding 4 miles. Once in 
the pass, a vessel has only to keep Unalga Island in sight until passing its southwest 
end, when it is about 2 miles to Erskine Point and about 3^ miles to Kalekhta Point. 

" There is a rock off Erskine Point which ir thick weather might be mistaken for 
Priest Bock, but it may be recognized by another one between it and the point, having 
a flat top and showing* smallest at the base. In approaching Kalekhta Point, Priest 
Bock will begin to open out at WSW. J W. (magnetic). 

'< A full-powered steamer may use this pass at any stage of the tide, if time is an 
object; but under ordinary circumstances it would be advisable to enter it near slack 
water. We found 30 fathoms at the southern entrance to the pass in mid-channel, 
and 36 fathoms 2 miles north of Old Man Island. 

<^ It is not intended to include sailing directions for the Aleutian Islands in this 
report, and ray only excuse for describing this pass so much in detail is that there is 
no published information concerning it, as far as I know, and it would naturally be 
avoided by a stranger unless he had some such information as I have given." 

Collecting in the harbor and vicinity, — Shortly after the Albatross came to anchor in 
Iliulink Harbor, several flounders and a specimen of the Alaskan pollock (PolUiohius 
ohalcogrammus) were caught on hand lines baited with salt clams. The three following 
days were spent in seining about the harbor, and nearly every suitable spot for that 
purpose was visited. On two occasions about half a boat load of salmon were taken 
in the seine in a little cove on the northern side of the harbor, near where the ship 
was anchored. Two species were included in the catch, the humpback salmon (On- 
oorhynchns gorbuscha), and the dog salmon (0. keta). 
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The seining within the harbor was everywhere saccessfal, but the few haal9 made 
at or near its month were unproductive, due probably to the fact that in these places 
the water deepens rapidly from the shore, and the sea becomes rough whenever the 
wind blows up the harbor. The natives take cod in these exposed situations, but no 
trials for bottom-fish were made by the Albatross outside of the harbor. A diligent 
search was made for clams, but only about half a bucketful was obtained. These were 
placed in a tub and covered with mud, in which they lived for nearly three weeks. 
Squid are said to be abundant at times in different parts of the harbor, lying concealed 
benenth the seaweed, but, although constantly searched for, only a single individual 
was observed during the stay in port. Failing to obtain a sufficient quantity of clams 
for use as bait, about two-thirds of a barrel of salmon slivers were salted for that 
purpose, and subsequently they proved to answer effectively in fishing for cod. Con- 
sidering the present abundance of salmon in this region, their use as bait is not 
now regarded as an extravagance. Several hauls of the seine were made at the head 
of Captain's Harbor, where salmon were found to be as abundant as in Iliuliuk Harbor. 

Oncorhynchus gorhuschu was the principal species of salmon taken by the Albatross 

party, a few specimens only of 0. nerka being secured. The red spotted trout {Salvelinus 

malma) was seined both in the bay and in the fresh-water lake, and was everywhere 

abundant. Other common species were the Pleuronectes stellatus (starry flounder), 

Lepidopsetta bilineata^ Hemilepidotus jordani^ and Clnpea niirabilis (herring). Among 

the smaller fishes were several specimens of Murcenoides ornatus, varying in color 

from light yellow to dark red. Sticklebacks ( Oasterosteus) abounded in the fresh-water 

lake. 

Large collections of marine invertebrates were obtained from the shores in this 
region. 

Fishing Notes: Fishing gear. — The wooden halibut-hooks described by Petroflf, 
Turner, and others are still used by the natives of Unalashka. The regular codhook 
is, however, employed in the cod fishery. The fishing lines are of various sizes, and 
are made of any suitable material which comes to hand — cod-line, sail-twine, and even 
pieces of old string tied together. Pieces of lead, old spikes, bolts, and stones serve 
as sinkers. Drag seines are used for ca])turing salmon. They are from 20 to 50 feet 
long, and about 5 feet deep, with the mesh ranging in size from 6 to 9 inches. These 
seines are rudely constructed, having inflated bladders or blocks of wood as floats, 
and pieces of lead or stones as sinkers. They are generally handled by the boys and 
superannuated men of the village, who do not accompany the seal hunters on their 
summer voyages. 

Cod bait. — Sculpins, flounders, salmon, and clams are used for cod bait, whichever 
of these species is most easily obtained at the time being employed. It is also stated 
that smoked bacon is sometimes put to the same use and serves equally as well. 

Boats. — Dories are mostly used about the harbor for ordinary fishing purposes, 
but when long distances are to be traversed the favorite bidarka is generally employed. 
In connection with the bidarka the doubh^ paddle is invariably used on fishing trips; 
but it is stated that in sea-otter hunting the single paddle is preferred by the skillful 
hunters. 

Use of cod and halibut by the natives. — Cod and halibut are not sought for by the 
Indians and Creoles of Iliuliuk for commercial purposes, and they are only taken to 
supply home wants. Large quantities are never kept on hand, but a short fishing trip 
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to Captain's Harbor, or some other favorite groand, generally satisfies the immediate 
demands. 

Preparation of ukali. — On the beach, at the head of Captain's Harbor, the prepara- 
tion of nkali was observed. When the seine is hauled the salmon are at once killed 
by breaking the backbone jast back of the head, to prevent their thrashing around 
and becoming injured or covered with dirt. The Indians then proceed to split them, 
holding the fish by the gills in the left hand. A long sharp knife is inserted just below 
the nape-bone, and drawn thence close along by the backbone to within about 2 inches 
of the tail. Reversing the fish, the same cut is made on the other side, and a final 
stroke of the knife severs the backbone close to the tail, thereby detaching the edible 
portions from the head, bones, and viscera. The two slivers being connected at the 
tail may then be thrown over a line or frame to dry. In dry weather the slivers are 
cut apart and the curing is done upon fiakes similar to those used for cod. 

At the time of the Albatrosses visit the Aleuts were engaged in catching and dry- 
ing the salmon in this manner in considerable numbers. The drying frames were 
usually protected by a grass-thatched roof. When not so protected it is the custom 
to bunch the fish together upon the poles at night and cover them with canvas, or take 
them indoors. 

Advantages of Unalashka for the establishment of fishing stations. — Many places in 
the neighborhood of Unalashka are well suited to the construction of buildings, wharves, 
marine railways, weirs, and other structures necessary to the formation of a fishing 
station. The numerous bays and other indentations of the coast, as well as the nar- 
row passage ways between the islands, afford convenient shelter to vessels during 
stormy weather, and the nearness of the island to the fishing grounds, both north and 
south of the Aleutian Chain, specially adapts it as a fishing center. Should the climate 
prove too damp for the thorough drying of the fishj they could be landed here &om 
the fishing vessels, and after being partly cured could be carried to Puget Sound or 
San Francisco for final treatment. 

Favorable grounds for planting lobsters. — The sea-bottom in this region appears to 
be exceedingly well suited to the habits of the Atlantic coast lobster, and it is prob- 
able that they would live and multiply if a colony were once established here. They 
would find ample protection and an abundance of food in the many coves and among 
the rocks and islands with which the region abounds. 

6. NOTES ON THE COD FISHERY QF BERING SEA. 

While at Humboldt Harbor, Shumagin Islnnds, the schooner Ara^Oj owned by 
Lynde & Hough, of San Francisco, arrived in port from a cod-fishing trip in Bering 
Sea with a fare of 103,000 cod. She had been absent from San Francisco since April 
12, began fishing May 18, and left the grounds July 12. The Arago is of 176 tons 
burden and carries twenty-one men and twelve dories. She is greatly inferior in type 
to the poorer class of ofP-shore fishing vessels on the eastern coast, and would not 
command a crew from Gloucester or Portland. She is thirty years old and was built 
at Goose Bay, Cal. The floor timbers used in her construction were taken from an 
English bark which was wrecked at that i)lace. 

No trawling is done in Bering Sea, **dory Ashing'' being the only method followed. 
During the season of 1887 the schooner Constitution tried trawl fishing, but soon aban- 



24 BULLETIN OP JRE UNITED STATES PISH COMMISSION. 

center of which is about latitude 54^ N., longitude 164^ W. A depth of 43 fathoms 
was sounded on the Southeastern part of the bank, within about 8 miles of a depth of 
342 fathoms. Between the shoaler area of the bank and the adjacent land to the 
north and west the following depths occur: Toward ITnimak Island, 51 to 72 fathoms; 
toward ITgomok Island, 52 fathoms; toward Tigalda Island, 50 to 6 L fathoms. The 
sounding of 41 fathoms above mentioned is the nearest to land of any less than 50 
fathoms made upon the bank, excepting in the direction of the Sannakh Islands. It 
is about 20 miles from Seal Gape, Unimak Island, and about 22 miles from ITgomok 
Island. A depth of 63 fathoms was found directly off Promontory Gape, ITnimak. 

Toward the eastward the shoal area of the bank extends close to the Sannakh 
Islands, if it is not continuous with them, depths of 25 to 44 fathoms being found near 
together over a small area, just to the southwest of the islands. This shallow water 
(43 to 44 fathoms) also continues part way along the south side of the Sannakh Islands, 
midway between them and the reported positions of Lenard and Anderson Kocks. 

A line of soundings extending S. 15^ E., from off the northeastern end of Ugomok 
Island toward Davidson Bank, shows less depths than occur elsewhere between the 
shoaler part of the bank and the shore, which seems to indicate a deposit along this 
line from the swift currents of Unimak Pass. 

The bottom upon the bank consists, in different places, of fine to coarse sand, 
pebbles, and gravel. Green mud was found at a depth of 95 fathoms, near the outer 
edge of the bank, and black sand in 342 fathoms just off the bank. 

Dredgings. — The beam trawl was used once on Davidson's Bank, at Station No. 
2845, latitude 54© 05' K, longitude 164© 09^ W.; depth, 42 fathoms; bottom, coarse 
black sand. Among fishes, twelve specimens of Hemilepidotus jordaniy and twenty 
or more specimens of Lepidopsetta bilineataj together with two or three small unidenti- 
fied species, were taken. Shrimps and crabs were common, mollusks in small num- 
bers, sea urchins and brittle stars very abundant. 

Trials for fish. — Two trials for fish were made on Davidson Bank — one at dredging 
station No. 2845, the other at hydrographic station No. 1166. The former was in lati- 
tude 54P 05' N., longitude 164^ 09' W. ; 42 fathoms ; coarse black sand ; clams and 
salmon being used as bait. The weather was foggy, southerly and easterly winds pre- 
vailing. Twenty-five cod were caught here in a period of twenty minutes, the bottom 
being fairly alive with them and the bait seized as rapidly as it touched bottom. The 
average weight of the fish was llf pounds, the average length 28 inches, v The other 
trial was made on the eastern end of the bank, in latitude 54^ N., longitude 163^ 45^ 
W. ; 45 fathoms; fine sand ; salt clams being used as bait. While the fish seemed to 
be plentiful they did not bite as well as usual, a fresh breeze causing the ship to drift 
rapidly to leeward. Eight lines were in use for about an hour, taking twenty-one cod 
and one halibut during the drift. The halibut weighed 6^ pounds ; the cod averaged 
llf pounds in weight and 24^ inches in length. 

Davidson Bank is said to be annually visited by large schools of herring, squid, 
and other pelagic species, moving from deep water toward the coast, and fishing 
vessels furnished with suitable gear might obtain large quantities of surfEU^ bait 
with little trouble. 
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8. SANNAKH ISLANDS TO THE SHUMAGIN ISLANDS, INCLUDING SANNAKH 

BANK. 

REPORTED DANGERS SOUTH OF THE SANNAKH ISLANDS. 

Lenard Rock and Anderson Bock. — " We were under low speed daring the night 
and early morning of Jaly 31, awaiting daylight, to approach reported dangers — the 
first, Lenard Bock, in latitude 54^ N., longitude 1630 12' W., and the second, Ander- 
son Bock, in latitude 64^ N., longitude 162^ 47' W., the latter showing above water. 
We intended passing over the positions given, and supposed we had done so until 
some hours later, when we found that we were about 12 miles N. 57^ E. out of our 
reckoning. The low speed at which we ran all night and the prevalence of a moderate 
southerly breeze probably account for the unusual effect of current upon our positions. 
At 7.45 a. m. we left the above station, and stood S. 7^ E., 10 miles, finding bottom at 
51 and 464 fathoms, the latter S. 52^ E., 3 miles from the reported position of Ander- 
son Bock. We saw no indications of shoal water, but that proved nothing, as we were 
enveloped in so dense a fog that we were unable to see more than a quarter of a mile, 
most of the time, and probably not to exceed one-half mile at any time while we were 
in the vicinity. 

'^ The rock may be in or near the position assigned it, but, considering the influence 
of the current on our course from Promontory Gape and the absence of any indication 
of shoal water in our last two soundings, it seems possible that the rock seen by Oaptain 
Anderson might have been one of the outer rocks on the Sannakh Beefe." 

SANNAKH BANK. 

Hydrography. — ^The shoal-water area of Davidson Bank (43 to 44 fathoms) was 
traced eastward between the Sannakh Islands and the reported positions of Lenard 
Bock and Anderson Bock, in a single line of soundings, extending about half the 
length of the former group. In about the same latitude as this line of soundings, but 
farther to the eastward (latitude 540 08' N., longitude 162© 22' W.), a depth of 60 
fathoms was found. Immediately to the northeastward of this position is an extensive 
shoal area, called Sannakh Bank. It lies to the east and southeast of the Sannakh 
Islands, is somewhat elongate in shape, and trends in a general way northeast and 
southwest. Four lines of soundings, approximately parallel with this trend, were 
run through the region containing this bank. A small area with soundings of 30 to 
37 fathoms is about central in latitude 54^ 20^ N., longitude 161° 53' west. 

Directly north of this shallow water, in the direction of the Sandman Beefs, 
depths of 63 to 82 fathoms were found ; but it is bordered on the southeast, south, 
and southwest by a considerable area having depths of 40 to 60 fathoms. The con- 
nection between the bank and the islands of the same name was not determined, nor 
was the 100-fathom curve on the southern side developed, but near the southwestern 
end a depth of 435 fathoms was found close by 67 fathoms. 

The estimated area of the bank was 1,300 square miles. Much of the bottom was 
found to be rocky. Sand, pebbles, gravel, etc., also occur. 

Dredging. — No dredging was done on the main part of Sannakh Bank, but the 
beam trawl was used at Station No. 2846, about 15 miles south of Sannakh Island 
(latitude 54^ 08' N., longitude 162^ 44' W.), 44 fathoms, gravel bottom. The net came 
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up with many specimens of the red rockfish, Sebastichthys, and of Lepidapaetta bilineata. 
One skate was also taken. Several species of shrimps were very abundant, and hermit 
crabs, pectens, other moilusks, ascidiaus, and echinoderms were common. 

TriaU for fish. — Three trials for fish with hand lines were made on or near Sannakh 
Bank. The first was at dredging station No. 2S46, about 15 miles south of Sannakh 
Island, 44 fathoms, gravel bottom, seven lines in use for fifteen minutes taking ten 
cod and two halibut, with clams and salmon for bait. The halibut averaged 14^ 
pounds in weight, the cod 11 pounds in weight and 23^ inches in length. 

The second trial was made at hydrographic station No. 1213, about 12 miles 
south of Caton Island, latitude 64© 12' N., longitude 162o IT W., 47 fathoms, the 
bottom consisting of sand and fine gravel. Nine lines were kept over about half an 
hour, being baited as in the previous trial, with the addition of sculpin on one of the 
hooks, and six cod and one halibut were taken. The average weight of the cod was 
8^ pounds, their average length 25 inches. The halibut weighed 30 pounds, and was 
<' white." This was the largest specimen that had been taken up to this time; but 
large halibut, it is said, are seldom caught on these in-shore banks. 

The third trial was at hydrographic station No. 1239, about 12 miles a little south 
of east of Caton Island (latitude 54o 23' N., longitude 161o 66' W.), depth 34 fathoms, 
the bottom consisting of pebbles. Nine lines, baited with salt clams and salmon, were 
kept down for fifteen minutes, securing two cod and five halibut, the former averaging 
8J pounds in weight and 23} mches in length, the latter 9f pounds in weight. The 
largest halibut weighed 22 pounds. The stomachs of these fish contained fragments 
of squid and a few small partly digested fish. 

RemarJcs. — Some of the best fishing grounds in this region will probably be found 
about Sannakh Bank. The Sannakh Islands are, however, a dangerous group, with 
few safe harbors or anchorages, and the proximity of the bank to this inhospitable 
region will detract somewhat from its value, at least until the class of fishing vessels 
visiting it are prepared to lie out occasional gales without seeking a harbor. 

But little attention is now paid to the bank. Mr. OoUam, of Popoff Island, one of 
the Shumagin Group, is said to be the only person who engages in fishing there at the 
present time. He built a small fishing station on Sannakh Island in 1886, and has a 
small schooner of about 20 tons burden, which fishes in the neighborhood of that island, 
and carries the catch to Pirate Gove, Popoff Island. Several trips are made each 
season. 

The cod caught in the vicinity of the Sannakhs are considered by many fishermen 
to be superior in quality to those found about the Shumagins, being pronounced by 
them less watery. The Sannakh cod are said to be plump and very firm meated, and 
do not shrink so much in curing. Very few of these fish, however, find their way to 
market. 

FISHINa GBOUNDS BETWEEN SANNAKH BANK AND THE SHUMAGIN ISLANDS. 

The region between Sannakh Bank and the Sandman Reefs on the west, and the 
Shuma^n Islands on the east, was partly explored and shown to be suitable for fishing, 
but its precise value in that respect can only be determined after a more thorough 
examination has been made. The area of this ground is roughly estimated at 1,800 
square miles. 
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Three lines of soandings were oontmoed aeross the region in a northeasteiiy 
direction ftx>m the rieinity of SannaJk:h Bank to the Shamagiu Islands. The northern- 
most line extended from near Pinnacle Bock, off the Bandman Beefs, to the sonthem 
end of Unga Inland, and showed deptiis of 38 to 74 fathoms ; the aeoond line extended 
from the northern end of Sannakh Bank to near Falmoatfa Harbor, Nagai Idaod, with 
depths of 45 to 64 fathoms ; and the third line from tlie soathem end of the same bank 
to Bird Island, in t^ soathem part of the Shnmagin Group, with depths of 40 to 72 
fathoms. The lOOfathom carve was developed at only one point, just off the soathem- 
most line of soandings. The bottom was foand to be exoeediuglj variable, consisting 
in different places of sand, mad, pebbles^ £:ravel, and rocks, the latter occarring onlj 
near Sannakh Bank on the one side, and near the Bhamagin Islands on the other. 

Dredgings and trials for fish were made only in the neighborhood of the Shamagin 
Islands, and will be described in connection with that groap. Bach trials as were 
made, however, on the edges of Hie ground showed a rich bottooL 

This region possesses many advantages over Sannakh Bank from the absence of 
hidden dangers and its proximity to safe harbors. 

Fishing vessels have not been in the habit of resorting to it, however, fpfr the reason 
that an abundance of cod has always been found nearer the Bhumagin Islands and 
upon Shamagin Bank. More thorough investigations will probably indicate the exist- 
ence of defined banks or areas of rich feeding bottoms for cod and halibut. 

BANDHAN SEEFB. 

Corrected portions far same of the rocks and islands. — ^A sounding of 74 fathoms 
was made at hydrographic station No. 1233 (latitude 54^ 52' 'S^ longitude 161^ 17' 
W.), August 3, at 10.18 a. m., the position being located by cross-bearings of the large 
and more important islands to the northward and westward. *^ The weather was dear 
at the time and we could see land at a great distance, particularly to the northward 
and westward, where the snow-capped peak of Pavloff's volcano was distinctly visi- 
ble. Deer Island and most of the smaller islets and TOcks> of the Chemaboura Group 
were in sight, and directly ahead of us was a small pinnacle-shaped island, not more 
than 10 miles distant, far from its position on the chart. Changing the course a little 
to bring it on the starboard bow, we steamed ahead a few mfles, when breakers, and a 
moment later rocks, were reported on the port bow, still more out of position than the 
island. Subsequently Hay Island was located by crossbearings and found to be sev- 
eral miles out of place on the published charts. 

^' The following are the positions we assigned to the rocks and islands mentioned 
above, based on cross-bearings and the noon position of the ship, when the latitude was 
determined by meridian altitude of the sun, and the longitude by chronometer : 

** Low Bocks, latitude 54^ 45' N., longitude 161^ 2S' W. 

^- Pinnacle Island, latitude 54^ 45' N., longitude 161^ 35' W. 

*• Hay Island, latitude 54^ 39' N., longitude ICl- 53' 30" W.'' 

BELKOVSKT BAY AKD YICINITT. 

Abundance of cod, — ^Mr. Pavloff!^ who acted as pilot for the steamer Alhatn»s^ 
states that the cod have been increasing in abundance during the past four years in 
the vicinity of Belkovsky. ou the mainland, opposite the Sandman Beefs. Formerly 
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cod were not caaght in that; region dnring the winter months, but now they are abun- 
dant at that season. This increase Mr. Pavloff attributes to the present abundance of 
sculpins, which first made their appearance in the fall and winter from six to eight 
years ago. Sculpins of various species occur at other seasons, but they now arrive on 
the inshore grounds in large numbers in the early fall and remain until late in the 
spring, being especially plentiful during the winter. Only enough cod are taken at 
Belkovsky for local consumption, there being no regular fishery in that region at present. 
Cod banks in the vicinity, — To the north of the Sannakh Islands and west of the 
Sandman Reefs is a large unexplored area on which cod and halibut are reported to 
be abundant by the natives. 

Method of hunting sea otters at Belkovsky. — In this locality the people depend chiefl.v 
upon the hunting of sea otters for a living. These animals are taken by means of bows 
and arrows, rifies, and gill nets. Gill nets are only employed in the winter, and are 
not used by the Indians, who find them too expensive. These nets are from 14 to 20 
fathoms long, and 12 feet deep, with a lOinch mesh. Some are made of single and 
others of double twine, the latter being most durable. The former cost from $10 to 
$15 each, the latter about $5 extra. They are knit by the Indian women. When giU 
nets were first introduced into this region by the Americans, the Indians manifested 
no surprise, saying that they had been employed many years before all along the 
Aleutian Islands, but that their use had been prohibited by the Russians a long time 
ago. Subsequent inquiry at Kadiak threw no light on this subject. If gill nets were 
formerly used by the Indians and Russians in pursuit of the sea otter they no doubt 
learned how destructive these appliances were, and took the necessary precautions to 
prevent the extinction of this important fur-bearing animal. 

The Indians only hunt for sea otter in calm weather, as they can not capture them 
when the sea is rough. Several weeks may pass without a favorable opportunity, but 
a constant watch over the favorite hunting grounds is kept up from the hills and 
prominent places in the vicinity. At the first indications of fair weather word is passed 
around and the bidarkas are quickly manned and silently leave the shore in the direc- 
tion of their prey. Gill nets can be hauled and set in weather which would not be 
regarded asjpuitable for hunting with the bow and rifle, and in consequence of the 
adoption of this method of capture, in recent years, it is claimed that the sea otter is 
fast becoming exterminated, and unless some restrictive measures are adopted, will 
soon be a thing of the past. 

9. SHUMAGIN ISLANDS. 
HYDROGBAPHIO VTOEK, DBEDOINOS, TRIALS FOR FISH, ETC. 

Hydrographic work, etc, — But little hydrographic work was done to the north and 
west of Nagai Island; sounding and dredging stations were made in mid-channel of 
Popoff' Strait, 69 fathoms, mud and rocks; oflF the southern entrance to the same strait, 
110 fathoms, mud ; and south of the entrance to Falmouth Harbor, Nagai Island, 48 
fathoms, fine gray sand. The lead was also cast in 18 fathoms at the mouth of Eagle 
Harbor, and in 34 fathoms close by Sea Lion Kocks. These rocks are about 100 feet 
high, and can be safely approached to within one-half mile. They are the resort of 
sea lions and birds. 
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Aagast 4 a sounding was made 2 miles N. 34^ W. from the center of Bird Island, 
in the southern part of the group, depth 21 fathoms, the bottom consisting chiefly of 
broken shells. The beam trawl and trial lines were put over at the same place. A 
successful haul was made with the former, but for the first time since the arrival of 
the Albatross in this region no fish were taken on the hand lines. Another rich cast 
with the beam trawl was made 4 miles N. 48^ W. from the last station, 35 fathoms, 
gray sand ; but the trial lines used in a depth of 25 fathoms, gray sand, midway 
between the Twins and Near Island, captured only two sculpins. A depth of 27 fath- 
oms was found 3 miles N. 22^ E. from the last station, 26 fathoms 5 miles S. 78^ E., 
37 fathoms 4 miles N. 40^ E., or at the southern entrance to the strait between Spec- 
tacle and Big Kouiushi Islands. The trial lines took one halibut in the last position. 
The experience above described demonstrated the absence of cod in August in a region 
where they are found in great numbers at other seasons of the year. During the 
winter this region is a favorite fishing ground. 

A sounding of 57 fathoms was made in mid-channel, abreast of the north end of 
Spectacle Island, and another of 39 fathoms off the north end of Peninsula Island. 
The beam trawl was cast with good results in 58 fathoms. Gape Thompson bearing 
S. 76^ E., distant 5 miles, and a sounding was subsequently made in 23 fathoms about 
mid-channel of the passage between the cape and Castle Bock. 

Dredgings. — The beam trawl was used in six different places among the Shumagin 
Islands, disclosing an exceedingly rich bottom fauna. The results of this work have 
been grouped under two series of three stations each. The first three stations were 
as follows : No. 2847, about 2 miles south of the entrance to Falmouth Harbor, Nagai 
Island, 48 fathoms, fine gray sand } No. 2848, midway between Unga and Nagai Islands, 
110 fathoms, green mud ; No. 2849, between Unga and Popofi^ Islands, 69 fathoms, 
green mud. At these stations the following genera of fishes were represented by sev- 
eral specimens each, viz : HippoglossoideSj Pleuronectes^ Lepidapsetta^ Atherestes, Sehast- 
ichthys^ LycodeSj HemilepidotttSy Raia, Cyclopterus^ besides which there were a number 
of unidentified forms. The different groups of marine invertebrates made each a large 
showing, shrimps, crabs, amphipods, worms, gastropod moUusks, scallops, mussels, 
brachiopods, ascidians, and echinoderms being specially abundant. 

The three other stations were in the southeastern part of the group, as follows : 
No. 2850, north of Bird Island, 21 fathoms, broken shells ; No. 2851, midway between 
Bird Island and Nagai Island, 35 fathoms, gray sand, broken shells ; No. 2852, at the 
north end of the passage* way between Nagai and Big Eoniushi Islands, 58 fathoms, 
black sand. Flounders, sculpins, eelpouts, and species of Agonidce were very abundant. 
Shrimps, crabs, and the lower Crustacea were taken in large numbers. Scallops, 
mussels, and gastropods, among the mollusks, and sea urchins, star fishes, and sea 
cucumbers, among the echinoderms, were very numerous. 

Trials for fish off the shore, — At bydrographic station No. 1227, about 13 miles 
south of Unga Island, latitude oAP 56' N., longitude 160© 33' W., depth 62 fathoms, 
nine hand lines were kept over twenty-five minutes, securing nine cod, averaging 11 
pounds in weight and 30 inches long, and three fiounders {Atherestes). These were 
the largest cod yet taken, being on an average 2 inches longer than the standard 
eastern size. Just north of Bird Island, in a depth of 21 fathoms, broken shells, nine 
lines were used for twelve minutes without success. One halibut weighing 4 pounds 
was the only result of a brief trial made in 37 fathoms, just west of the southern end 
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of Big Konioshi Island, the character of the bottom at this spot not being indicative 
of a rich faana. 

Oeneral character of the islands. — The general aspect of the Shumagins is monnt- 
ainons, with namerous streams rushing down the mountain sides, often forming 
cascades of great beauty. Copious rains and a humid atmosphere favor the rank 
growth of grass, ferns, and flowers, which cover the islands during the summer months 
and give the impression of great fertility when viewed from a distance. There is no 
timber on the islands larger than alder bushes, but the beaches are lined with drift 
wood in sufficient quantities to supply the probable demand for many years. 

Few dangers about the islands. — ^There are but few outlying dangers about these 
islands, and as a rule the shores can be approached within half a mile or less with 
safety. There are many secure harbors in the group, and vessels can find anchorage 
almost anywhere near the land in 10 to 20 fathoms. The region about Simeonott* is 
an exception, however, and should be navigated with great caution as there is foul 
ground surrounding the island. 

Islands and Bays in Nagai Strait; corrections. — Several inaccuracies were observed 
in U. S. Coast and Geodetic Survey Chart No. 806. Among the most important may 
by mentioned the following : 

(1) Spectacle Island is about 3 miles long, high and rounded at both ends, and 
connected by a narrow strip of low land near the center. A deep bight on the eastern 
side, and a prominent point projecting to the westward, give it the general form of a 
pair of spectacles, from which it derives its name. 

(2) Peninsula Island is placed on the chart N. 35^ E., about 2^ miles from its 
correct position. It lies directly raid-channel of the strait, and is, in fact, the pro- 
jection shown on the west side of Big Koniushi Island. A low spit makes off from 
the east side of the former, but there is a passage betw'een the two islands. 

(3) The bays on Big Koniushi Island, north and south of Peninsula Island, are 
much deeper than shown on the chart. 

HUMBOLDT HARBOB, POPOFP ISLAND. 

Approaching Humboldt Harbor. — "Entering Popoff Strait we saw nothing until up 
with Barloff Bay, when the high and bold headlands forming its southern shore emerged 
from the fog not more than 400 yards distant. Thence to Egg Islands the course was 
clear, and after making them the fog partially lifted aheail, Sand Poiat and Arch Bock 
being visible. When up with Sand Point the station of Lynde & Hough was seen, 
and at 12.34 p. m., July 31, we anchored off the wharf in 12 fathoms. Humboldt 
Harbor has been surveyed by the U. S. Coast and Geodetic Survey (Chart No. 814). 
The holding-ground is good, and it affords excellent protection from all winds. There 
is a wharf at which ships' boats can land at all times of the tide." 

Collecting in the harbor. — Beaches suitable for seining are less numerous here 
than in Iliuliuk Harbor, Unalashka, but two seines were kept in almost constant opera- 
tion during the stay in port, securing an abundance of lishes, although not a great 
variety of species. Salvelinus malma was seined in great numbers in the harbor, and 
was also taken with hook and line in the fresh-water creek. Many yonng codfish were 
secured at each haul of the seines, but flounders, mostly Ijcpidopsetta bilineata^ exceeded 
all other fishes in abundance, both adult and young specimens being taken. The 
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pollock {Pollachitis chalcogrammus)^ a large sculpia {HemilepidottAS jorda/ni)^ and the 
yoang of a species of Hexagrammus were common, and also many small s[)ecie8 which 
have not yet been identified. A single Limanda aspera was taken with a hand line 
from the ship's side. A conspicnons featnre of the seining at this locality was the 
abundance of large medusae, sea urchins, and star fishes that dragged ashore. God- 
fishing with hand lines from the ship was always successful. The hooks at this anchor- 
age frequently became entangled with sea-pens {Pennatula)^ of which more than a dozen 
fine specimens were secured. Clams are said to be plentifaU but none were obtained, 
the tides not serving right. The tides at this place are greatly influenced by the 
direction and force of the winds, which sometimes retain the water at high or low tide 
level for a considerable period. 

Fishery Notes ^ Salmon fishing. — Humboldt Harbor would furnish shelter to a large 
fleet of vessels. A fishing station established in 1887 by Lynde & Hough, of San 
Francisco, offers the only inducement at present for people to settle here, and there 
are now but few inhabitants. Six fishermen are employed at the station, and up to 
date they had caught and prepared for shipment 300 barrels of salt salmon. The fish 
are taken in drag seines and gill nets. The seines measure from 20 to 125 fathoms 
long and 2^ to 3 fathoms deep, and have a mesh of about 2} inches. The floats are 
made of wood, the sinkers of pieces of lead hammered into the required shape by the 
fishermen, and then bent around the footliiie. The salmon did not '^ strike" at Hum- 
boldt Harbor and the adjacent bays this year until the middle of June; they usually 
api)ear early in May. They continued to be unnsually abundant until the latter part 
of July, but suddenly disappeared when the rainy season began, about a week before 
the arrival of the Albatross. A second school, which is expected to arrive about 
August 20, generally remains until the last of September. 

Dories are used by the Indians for general fishing, but bidarkas are employed 
here as at CTnalashka for long cruises in search of seals and sea otters. In hunting 
these mammals the single paddle is preferred, as it enables the Indians to approach 
nearer their game without disturbing them, otherwise the double paddle is used. 
Kiaks are not employed about the Shumagins. 

PraATB COVE, POPOFP ISLAND. 

Fishery notes. — Cod fishing is now carried on in the vicinity of this harbor almost 
exclusively by means of dories, only one vessel having been engaged here in actual 
fishing during the present season. Most of the schooners had been sold, and those 
retained are used for freighting. The grounds resorted to are all within a short 
distance of the harbor, where dories are more convenient than larger craft. Trawls 
are chiefly employed, and during good weather they are hauled two and three times a 
day, but the fish are not dressed until the last haul for the day has been made. Cod 
fishing continues throughout the year. In summer, when the salmon are running, cod 
are not abundant, but they reappear in incredible numbers as soon as the salmon 
leave. During the winter strong southeasterly gales may prevent the hauling of the 
trawls for a number of days at a time, but there is no period of the year when they 
can not be used at least several times a week. This is in marked contrast with the 
climate of the Grand and Western Banks, off* the Atlantic coast, some ten degrees far- 
ther south, where the fishing vessels are often compelled to lie to for a week, and 
sometimes for a fortnight, with their dories lashed upon the deck. 
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TonmIn of Nui table type and oonstraction might engage in fishing in the Shnmagin 
riftfion (liirliitf the entire yean They would not be compelled to ride ont heavy gales 
on thii bunkn, m do the flnliing vessels of the Atlantic coast, endangering lives and 
property. The numerous bays, harbors, and small islands in close proximity to most 
of the ilshlntf grounds afford convenient shelter. If winter fishing is ever carried 
on to a great extent on the Pacific coast by vessels sent oat from San Francisco, 
however, a very dliferent class of vessels flrom that now in nse will have to be con- 
Ntruntiul in order to weather the severe gales encountered on the passage up and down 
the eoast. 

EAGLE HABBOB, NAGAI ISLAND. 

Th0 harbor.— The A Ibatroan reached Bagle Harbor, on the west side of Nagai Isl- 
and, AngUNt 2. This harbor ofl\)rs good shelter to fishing vessels, and is in close prox- 
imity to many small tlMhlng spots. It has no inhabitants, the high lauds which descend 
on all mUIom ehme to the water's edge leaving no level ground upon which to plant a 
settlement. There is, however, a small beach or spit extending off from the southern 
side of the entTauoe to the harbor which is suited to the dressing of fish, the mending 
of nets, eU). 

A vtmsel may anchor anywhere in the harbor in fh)m 15 to 20 fathoms, and in the 
eove on the U(»rthern sUh^ she would find i>erfect protection fix)m the sea, where she 
could haul out t\»r i\^pairs, fill her water casks, or gather drift wood on the beaches. 
The south iHive has a narrttw, tortuous etitrance, too shoal for anything larger than a 
Mhl|i*H lumt at low wattvr, but a vessel dmwing or 8 feet could be warped or towed in 
at high tide, luui oni>e inside would be as secure as in a dock. 

1\^i^h /))r /l«A« — A etxl trawl containing four hundred hooks was baited and set in 
Ittjl l\ithouis {\( water aort>s8 the mouth of the harlK>r, where it was allowed to remain four 
houiHi« The iuuev end of the trawl l^y on rooky ground, but on hauling it up it was 
n^uud tJiat it iHM>u ran off into muddy bottom. The catch consisted of six ood aver- 
aging S| iHUUuis eiu^h« three halibut averaging 5 |)oiuidseach, and a large number of 
lUmudoi'H and sindpius. The las^uamed species had no doubt prevented a larger 
eateh of ihh) and halilmt^ by taking the bait as soon as the hooks reached bottom. 

WMay <W alh>iH*M fy liUf elft*#rio t^Al«— During the evening the electric light was 
u«e^l al the suit\HV with sur|m$iugsuecess« attracting thousands of young ood, measor- 
lug alnnit 9 iuohtvi Kuig« which swarmed aboal it With a single haul of the dip>net 
a hundred) s|HH'iiiieus were laiide^l on deck* Some of these were placed in one of the 
a^uai ia« Imt they lived only a few day^ being devoured by the larger fish confined 
with I hem. 

YVKOX HAEfii>K« BIG KO^tirSHl ISLAXIK 

mi Augu^ ^ a night anchorage was made at Yukon Harbor* but no $hore inves- 
ligatHUi^ wer^ alliMii|^e^L A trial tor co^l w^j^s made with hand linetsk bot only one 
s)HH'Uueii w;jk^ taken: tl\Himler$ \^ie^ijk*^tt^ kilitur^tiM^ were $o abundant that they 
seeuhfK) t\^ drive all ocher $|H!vie$ av;3i> . Huudre^is of tiocks of auks wen» dying aboat 
Ihe harKw« and a UMt being lowered several ;>(iecimeu$ were ;sJiot. 
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ALASKAN METHODS OF CURING COD COMPARED WITH THOSE OF NEW ENGLAND. 

Mr. Ivan Petroff, in his '^Report on the Population, Industries, and Besources of 
Alaska," page 69, states that ^^ a pecaliarity of the Alaska codfish industry is that 
the fish is not cured in the vicinity of the banks. The cod is only cleaned and 
pickled on board of the carrying craft, taken down to San Francisco and there pickled 
anew, being finally taken out and dried in quantities to suit the market. Expert fish- 
ermen located on the Shumagin Islands and at Kadiak claim that the fish could be 
cured on the spot as well as it is done at Cape Ann and other Atlantic cod-fishing 
stations. It is difficult to understand the reason for the process adopted by these San 
Francisco firms. The repeated pickling certainly does not serve to enhance the 
quality of the Shumagin codfish, and it is probably owing to this fact that the eastern 
codfish commands a higher price in the markets of the Pacific coasf 

Mr. Petroffs statements are somewhat misleading^ as the New England fishing 
vessels which visit the East coast fishing banks on ^^ salt trips" bring back their catch 
in precisely the same condition as do the vessels sent out from San Francisco to the 
fishing grounds of Alaska and the Ocliotsk Sea. The eastern cod are much larger in 
size than the average fish which have hitherto been obtained in the North Pacific, and 
the greater care exercised in curing them may account for their more inviting appear- 
ance. To thfse qualities possessed by the Atlantic cod, combined with the universal 
prejudice in favor of supplies coming from old and well-known sources, is due the higher 
price which these fish command in the markets of the Pacific coast. 

THE LAY OF THE ALASKAN FISHERMEN. 

The lay of the Alaskan fishermen difiers considerably from that of the New 
England fishermen. The captain is paid a stated sum per month and has no share in 
the cargo. The mate receives a monthly salary, and also a certain sum for every 
thousand fish caught. Each of the crew receives $25 per thousand fish ; splitters, $50 
per month ; salters, $40 per month ; cooks, $G0 per month. On the return from a trip 
the crew has nothing more to do with the vessel, taking no part in the discharging of 
the cargo, which is done entirely at the expense of the owners. The cod livers are 
never saved, and a profitable portion of the fish is thereby thrown away. 

THE YELLOW-FISH. 

Mr. Pa vloff states that the yellow-fish (Pleurogramtnus monopterygius) varies in size 
in different places. Those taken at Unalashka are much smaller than those found at 
Atka Island and on the fishing grounds south of the Aleutian Chain. They are not 
abundant about Belkovsky. None were secured by the Albatrosft during its cruise. 
This species is regarded by those who have eaten it as superior to any other on the 
coast of Alaska as an article of food. 

The yellow-fish usually approach the Shumagin Islands about the latter part 
of August, and remain in that region in immense schools until the beginning of cold 
weather, when they retire to the deep water south of Shumagin Bank. They can 
probably be caught by the same methods employed in the mackerel fishery on the 
Atlantic coast. They are distributed along the coast for many hundred miles, and 
Bull. U. S. F. C, 88 3 
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oooar in incredible nombers. Some years they appear earlier than others. Vessels 
fitted with boats and purse seines, after the fashion of the eastern mackerelmen, could 
readily obtain large fares. The few shipments sent to market have brought good 
prices, some lots having sold for as high as $28 per barrel. A lucrative business could 
probably be started with the San Francisco markets. 

zo. SHUMAGIN BANK. 

Hydrography. ^Thi& bank lies south and southeast of the Shumagin Islands, and 
its outer margin follows approximately the trend of the coast line formed by the 
acyacent islands. It has been traced westward to about longitude 159^ 52' W., but 
probably extends farther in that direction. Its width within the 100-fathom curve, to 
the south of the group, is from 15 to 22 miles to the nearest outlying islands. South- 
east of Simeonoff Island the width increases to between 30 an<l 35 miles. East of the 
Shumagins the bank extends north to about the latitude of Big Koniushi Island. Its 
area inside of the 100-fathom line is estimated at about 1,800 square miles. The bank 
is not separated from the Shumagins by deep water. Depths of 35 to 38 fathoms were 
found directly off Simeonoff Island, and from these positions the water deepens more 
or less regularly in a southeasterly direction towards the edge of the bank, with deeper 
spots sometimes intervening. 

The western extension of the bank was not so thoroughly surveyed as the eastern 
portion. About midway between the islands and the 100-fathom line depths of 35 to 
49 fathoms occur. A sounding of 115 fathoms was made 7 miles beyond a depth of 43 
fathoms, indicating a very steep slope on this part of the bank. The northern bound- 
ary of the eastern portion of the bank was not fully determined. A line of soundings 
extending 38 miles southeast from Gape Thompson, at the northern end of Big Koniu- 
shi Island, showed depths of 47 to 114 fathoms, the former depth being found at only 
one place. A short distance farther north 97 to 103 fathoms were found within 30 
miles of the shore, along a line of soundings running east, a little north from Gape 
Thompson. The character of the bottom on the bank varies greatly, sand, pebbles, 
gravel, broken shells, mud, and rocks being found in different places. Eocky patches 
were of frequent occurrence, even in comparatively deep water. 

The work in this region was done in pleasant weather, when some portions of the 
adjacent islands were in sight most of the time, permitting of the positions being veri- 
fied by cross-bearings from the land. 

Trials for fish. — The beam trawl was not used on Shumagin Bank, but two trials 
were made for fish with hand lines. One was at hydrographic station No. 1286, on 
the western part of the bank, about 5 or 6 miles southeast of Chemaboura Island (lat- 
itude 540 42' N., longitude 159° 24' W.), 35 fathoms, rocky bottom; the other at hydro- 
graphic station No. 1266, on the eastern part of the bank, about 15 miles east of Sim- 
eonoff Island, 46 fathoms, gray sand and broken shells. At the former station nine 
lines were employed for thirty -five minutes, taking eight cod, three halibut, and three 
sculpins. Salmon and pollock were used as bait. The cod averaged 8 pounds in 
weight and 26^ inches in length, the halibut 18§ pounds in weight. At the latter sta- 
tion one halibut, weighing 5 pounds, and three sculpins were taken. 

Remarks. — This is one of the most important fishing banks in Alaska as it is also 
one of the best known. Its value is greatly increased from its proximity to the Shu- 
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magin Islands, where namerous safe and convenient harbors are available in case of 
storms. With the exception of Simeonoff Island and the reefs in its neighborhood, 
there are very few hidden dangers. The bottom is rich and fish are known to be 
abundant. 

zz. SHUMAOIN ISLANDS TO KADIAK ISLAND. 
HYDROGRAPHY AND TRIALS FOR PISH. 

Hydrography. — Only a few lines of sonndings were made across this wide region, 
which, while they indicated the existence of several apparently rich banks, were insuffi* 
cient to determine their extent and character. Beginning at a point 5 miles from Gastle 
Rock, off the northern extremity of Big Koniashi Island, Shumagin Gronp, one line was 
carried 65 miles N. 84° E. to latitude 65o 25' N., longitude 157o 28' W., about 19 miles 
sonth of Light-bouse Rocks. Soundings were made at intervals of 10 miles, except at 
the end of the line, where the distance between the last two sonndings was 5 miles. 
The water gradually shoaled from a depth of 103 fathoms near the Shumagins to 46 
and 47 fathoms sonth of Light-house liocks. From this point the line was continued 
to MitrofaniaBay, with depths of 53, 73, 73, 64, and 68 fathoms, the last being between 
Mitrofauia Island and the bay of the same name; thence a line was run to Light-house 
Hocks with depths of 67, 44, 57, and 67 fathoms, 49 to 67 fathoms being found ia the 
neighborhood of these rocks. 

From Light-house Rocks the sounding was continued as follows: 33 miles S. 79^ 
E., in 49, 48, 49, 50, 55, and 135 fathoms; 24 miles N. 31^ E., in 137 and 119 fathoms, 
the last position being midway between the Bemidi and Ghirikoff Islands ; 29 miles 
8. 360 E., in 89, 60, and 96 fathoms ; 20 miles N. 23^ E., in 57, 26, and 27 fathoms, ter- 
minating 6 miles S. 22^ E. from the north end of Ghirikoff Island, where a successful 
trial was made for cod. From this point a line was run 12 miles S. 34^ E., sounding 
in 76 and 287 fathoms ; 32 miles N. 28^ E., in 89, 81, 76, 60, and 37 fathoms, the last 
position being 17 miles south from the south end of Tngidak Island, where cod were 
again found in abundance. 

The soundings indicate a bank of considerable size in the region surrounding Light- 
house Rocks, but mainly to the south of these rocks, and extending to the eastward of 
latitude 157^ W., and to the westward of latitude 158° W. It is probable, however, 
that good fishing will be found over a large part of the area included between the 
Shumagins and Kadiak. The extent of the area partly developed by the soundings 
is estimated at about 4,400 square miles. 

Trials for fish. — On the morning of August 7 a trial for fish was made at hydro- 
graphic station No. 1317, latitude 55o 26' N., longitude 157o 28' W., about 19 miles 
south of Light-house Rocks, in 47 fathoms, green mud. The ship was hove to and 
allowed to drift for forty minutes, but no species of economic vsJue were obtained. 
Salt salmon and pollock were used as bait. The bottom did not appear to be rich in 
food. The grounds in the immediate vicinity of Light-house Kocks can not be regarded 
as of any value to the fishermen while the large sea-lion rookery continues to exist 
there, as these animals feed chiefly upon Qsh, and keep the stock greatly reduced. 

In the extreme eastern part of the area lying between the Shumagin Islands 
and Kadiak two trials for fish with hand lines proved unusually successful, and 
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demonstrated that the bottom in this region is exceedingly rich. The first trial was 
at hydrographic station No. 1343, in the vicinity of Chirikoff Island, latitude 66° 49^ 
N., longitude 155° 20' W,, depth 27 fathoms, sandy bottom. The second trial was at 
hydrographic station No. 1350, about 16 miles south of Tugidak Island, one of the 
Trinity Islands, in latitude 56^ 07' N., longitude 154© 38' W., 37 fathoms, sandy bot- 
tom. This last position is actually on the western end of Albatross Bank. At the 
former station with seven hand lines used for twenty -five minutes, fifteen cod were 
taken, averaging 9| pounds in weight, and 23f inches in length ; at the latter 47 cod 
were secured with nine hand lines in a little over half an hour, the average weight of 
these being 10 pounds, the average length 28^ inches. In the former instance pollock 
and cod were used as bait, in the latter walrus flesh and cod. 

MITBOFANLA. BAY. 

Approaches; character. — "The mainland was sighted soon after daylight, August 
7, and Mitrofania Island at 8 a. m.; but we failed to recognize the latter for several 
hours, owing to fog-banks which hung over the land. Wo were up with the island at 
1.30 p. m., and, leaving it on the port hand, steamed into the bay of the same name, 
anchoring off Long Beach at 2.48 p. m. in 15 fathoms, latitude 55^ 58' N., longitude 
1680 47' W. (approximately). 

"Our anchorage was near the southwest extremity of a steep black-sand beach 
which lies back of the bay and extends in crescent form about 3 miles northeast 
and southwest. This beach is flanked on the eastern end by a nearly vertical cliff, 600 
or 800 feet in height, made conspicuous by many strata of different-colored rocks, and 
on its western extremity by a precipitous mountain covered with a dense growth of 
alder bushes. An isolated rock lies near the base of the mountain, about 300 yards 
back of the beach, nearly rectangular in form, the sides being vertical, about 100 feet 
broad by 60 feet in height, and the top slightly rounded and covered with grass, ferns, 
and small bushes. Seen from a distance it had the appearance of a huge native sod 
house (barabara), with the roof overgrown with grass. An extensive valley lay back 
of the beach, in which were several ponds of fresh or brackish water, their shores being 
surrounded by a fringe of alder bushes. The land was covered by a rank growth of 
grass and wild flowers. 

" Long Beach is a good anchorage except with winds from south to southeast, 
when a heavy swell rolls in. Better harbors are found on the east side of the bay. 

"To make this anchorage leave Mitrofania and the small islands on the port hand, 
passing midway between them and the mainland, until well up with the sand beach. 
Then stand to the westward and anchor off the rock above mentioned, giving due 
attention to the lead, as the bank is steep." 

Fishing; occupation of the natives. — Lines were baited and put over at the anchor- 
age in Mitrofania Bay, in 27 fathoms, and in the course of a few minutes ten halibut 
were landed upon deck. The largest of these weighed 40 pounds, the smallest 4 pounds, 
the average weight being about 30 pounds. They were all " white;" the stomachs of 
some were empty, the others containing only a few crabs. 

A settlement of Creoles was established eight years ago on the northern side of the 
bay. These people were brought over from Kadiak Island by Mr. Pavloff, the pilot of 
the Albatross. Sea-otter hunting is their chief occupation, but cod, halibut, and salmon 
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are also taken for home coDsnmption. The nnmerons small streams and lakes of the 
vicinity abound in trout and other kinds of fresh-water fishes. Bears and deer roam 
among the hills and through the valleys. They are hunted by the Indians in winter 
to supply additional food and clothing. 

LIGHT HOUSE ROCKS. 

Positian and cMracter. — "August 8, at 12.30 p. m., we anchored in 49 fathoms, 890 
yards N. 28^ E. from the largest of the Light-house Hocks. The group consists t>f 
several detached rocks, ranging from 90 feet in height and 500 feet in length to 10 feet 
in height, with two or three nearly awash, over which the sea was breaking. They 
are about 500 yards in extent, and can be approached within half a mile with safety. 
No two charts agree as to their location, giving it from latitude 65^ 44' to 55^ 45' N., 
longitude 157o 25' to 157^ 30' W. It was our intention to verify their position, but a 
dense fog, which settled down soon after we left the mainland, prevented. 

"Our run placed them in latitude 55° 43' N., and longitude 157^ 20' W., but it was 
not sufficiently reliable to justify us in changing their position on the chart. Latitude 
550 44/ N,^ and longitude 157^ 25' W. is about the mean and not far from correct.'' 

Sealion rookery, — A landing was made by the naturalists in order to examine 
the large rookery of Stelier's sea lion {Eumetopids stelleri) which exists there. The 
weather was very thick at the time, a dense fog hanging low over the water, but the 
sea being smooth a landing was easily effected. Much care had to be exercised in 
moving over the slippery rocks, smeared with the oil derived from the carcasses of 
numerous large sea lions which had evidently met their death in combat with their 
own species. Several hundred of these animals were crowded together upon a very 
limited area. Thousands of murres were breeding wherever they could find ledges 
and crevices inaccessible to the seals, and there were also a few kittiwake gulls and 
fulmars in sight. As the party was lauding the sea lions came tumbling down over 
the rocks in their eagerness to reach the sea. A few, whose retreat was intercepted, 
were seen to jump from their high positions directly into the water, apparently sus- 
taining no injury from the plunge, although the distance was considerable, especially 
for such large animals. There were probably as many pups as adults in the herd, and 
occasionally a small body of these would detach themselves from the rest and swim 
some distance offshore. A couple of killer whales (Orca), attracted doubtless by the 
disturbance at the rookery and the large number of seals in the water, came up quite 
close to the rocks, causing the seals to gather nearer shore s^nd cast evident glances 
of alarm toward the killers, whose dorsal fins showed not less than 4 feet above the 
surface. The Orcas moved actively about, but it wiis not positively seen that any of 
the seals were seized by them. On several occasions, however, when pressed too hard 
on the water side, the seals ventured to crawl out upon the rocks, only to plunge back 
into the sea at the least movement on the part of the Albatross party. A rifle ball was 
finally planted in the back of one of the OrcaSy causing the precipitate departure of 
both of them. A fine bull sea lion, measuring over 13 feet long, was shot by Mr. 
Townsend, and its skin removed and preserved after some two hours' hard labor. As 
soon as the naturalists left the island the sea lions returned to their rookery. These 
rocks are entirely barren of vegetation. 
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la. KADIAK ISLAND. 
THE TBINITY ISLANDS. 

Character and surroundings. — ^< The fog lifted as we approached the land, giving 
as a very good view of the Trinity Islands. Tugidak and the western portion of Sith- 
inak Island are low and apparently marshy, while the eastern part of the latter island 
is higher. They are snrronnded by foul ground, and, in the absence of proper surveys, 
should be approached with caution." 

OLD HABBOB, KADIAK. 

The harbor and its surroundings. — The Albatross arrived at Old Harbor (latitude 
570 11/ 1^.^ longitude 153o 13' W.), in the channel separating Sitkalidak from Kadiak 
Island, on the afternoon of August 10, and anchored in 7 fathoms, off an Indian village 
called by the natives Three Saints. It lies about 4 mile^ to the northward of the 
Bay of Three Saints, the beautiful harbor of Lisiansky Bay intervening. The 
country surrounding Old Harbor is mountainous, with a narrow belt of compara- 
tively level land, on which the village stands, near the water. It is covered with a 
luxuriant growth of grass and flowers during summer. Alder bushes grow to greater 
size than on the islands farther to the westward, and, in the sheltered valleys, the 
poplar is found of sufficient size to make it valuable to the natives in building their 
houses, and for other purposes. The rugged mountain range, sometimes called the 
backbone of Kadiak, was in sight, and the great gorges, still filled with snow and ice, 
lent an arctic hue to the otherwise summer aspect. 

The village of Three Saints. — The village is scattered along the shingle beach, and 
consists of about thirty sod houses, or barabara, thatched with dried grass, and a few 
log buildings. The bouses have the usual accompaniment of fish racks on which sal- 
mon were hung to dry. There are about two hundred and fifty Indians at this place, 
but moat of the young men were absent at the time of the Albatrosses visit, on hunting 
and fishing trips. The people in the village were engaged in drying salmon for their 
winter food supply, and a few were also in the employ of the salmon fishery near by. 

Trials for fish.— The waters of the vicinity are everywhere filled with salmon, 
which seem to congregate in greatest abundance close to the sand bars and small 
rocky capes which project into the harbor. A short distance from the mouth of the 
harbor, in the vicinity of Two Headed Island, cod are also plentiful. Seining was 
carried on in the harbor, but not many species of fish were obtained there. The light 
seines also suffered severely from the presence of so many large salmon, which it was 
difficult to avoid taking in them. In addition to the salmon some of the same shore 
fishes taken at Unalashka were secured. 

Directions for entering Old Harbor.— ^^ To enter Old Harbor, make Two Headed 
Island (miscalled Two Headed Cape on Coast Survey Chart No. 702), which has two 
irregularly rounded peaks, and is easily recognized. Leave it on the port hand, and 
if the weather is clear Black Point will be seen, showing darker than its surroundings. 
There is a small islet about 200 yards in prolongation of this point, and one-fourth of 
a mile further on is a rock just above water, which marks the outer end of a ledge 
extending from the point. Having passed this rock, a mid-channel course around the 
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second prominent point on the starboard hand leads to the strait where Old Harbor 
is located, and off which lies the Bay of Three Saints and Lisiansky Bay. There is 
bold water in the strait, which is free from hidden dangers except near the land. 
Passing Old Harbor there is a narrow tortuous channel into Sitkalidak Strait through 
which small vessels have passed, but a stranger should not attempt it with a vessel 
drawing more than 8 feet." 

PORT HOBRON, SITKALIDAK ISLAND. 

Fishing station. — While at Old Harbor a call was received from Mr. Ivan Petroff, 
manager of the Alaska Coast Fishery Company's station, recently established at Port 
flobron some 10 or 12 miles to the northward and eastward of Old Harbor. Subse- 
quently a party from the Albatross visited the station and found it located in a snug 
harbor on the north side of Sitkalidak Island, in the second deep bay coming frota sea- 
ward. 

The quarters, mess-room, storeroom, and kitchen are under one roof, and the cur- 
ing house is at the water's edge, where boats or barges can load and discharge at half- 
tide. It is supplied with running water from a mountain stream, and everything was 
scrupulously clean and well arranged. A cooper shop, stable, and store-house are 
conveniently located, and in the harbor were several dories, barges, a fine schooner, 
and a steam-launch. This is the first season the station has been in operation, and 
they have thus far confined themselves to taking and salting salmon, but they intend 
starting a cannery eventually. 

The fish are caught chiefly in a lake opposite the station, and about 1^ miles from 
salt water, in which the salmon enter in incredible numbers to spawn. Eighteen 
white men and a few Indians are employed to do the fishing. The fish are transported 
over a horse-railway to the beach, where they are transferred to barges or dories which 
deliver them at the curing house. Four hundred barrels of salmon had been secured 
during the preceding three weeks. 

The visit to the station was made between the runs of salmon, and the entire force, 
except the coopers, was engaged in cutting and curing hay for the horses used there. 
The location seems to be well chosen, not only for salmon fishing but also for cod and 
halibut. 

In 1883 Mr. PetrofF built a fishing stand close to the Indian village at Old Harbor, 
where for a time large quantities of cod were cured and shipped to San Francisco. 

ST. PAUL, KADIAK. 

Collecting in the harbor. — During the week's stay at St. Paul or Kadiak village, 
hand-line fishing, seining, boat dredging, and shore collecting were carried on con- 
tinuously. Many flounders (Lepidopsetta bilineata) were taken with the hand lines, 
but very little else, excepting a few " rock trout" (Hexagrammus)^ and dogfish {Squal'us 
acanthia^). Hemilepidotus trachurus, a species of flounder, not met With elsewhere 
during the cruise, was also obtained in this manner. Scarcely anything but salmon 
and flounders were secured by seining. Boat dredging in the bays near the village, 
and thence outward to a point 4 miles distant from the village, gave excellent results, 
and disclosed a rich bottom with many species of marine invertebrates different from 
those discovered on the outer grounds. The groups of Crustacea, mollusks, echino- 
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derms, antbozoa, hydroids, and sponges were all represented, and braehiopods of great 
size were obtained. 

Shore collecting wsm productive of many interesting fishes and invertebrates. A 
small red star fish was abnndant, and many small shells were found living npon the 
leaves of kelp. Nanierons specimens of Hemilepidottis trachurus were taken by jerking 
them up by means of a sharp boat-hook as they lay upon the bottom in shallow places. 
They seldom moved if the hook was carefully inserted under them. This species is 
moderately abundant along the kelp line of the shores, and it is not difficult to secure a 
dozen or more specimens in an hour's time by the method described above. It proved a 
nuisance at Kadiak by taking all the bait set for codfish. The variations in color in 
this fish are remarkable, no two individuals being precisely alike in this respect. They 
also api>ear to assume the tints of the rocks and sea- weeds among which they live. 
The prevailing color is a rusty red on tlie upi)er parts, laid on in irregular blotches, 
and varied with brown or black. There is no variation with respect to the uniformly 
spotted un<ler surface. Two or three specimens only of the black rockfish {Sebast- 
ichthys) were taken while at Kadiak. 

A gill net set in the harbor gave no results. A cod trawl was set across the north- 
east entrance to the harbor, and a haddock trawl across the southeast entrance. In 
the first trial a few dogfish and sculpins were obtained ; in the second two silver-side 
salmon, two cod, one halibut, and a large number of dogfish. The halibut was " white." 

Advantages of the neighhorJiood for fishing. — The inhabitants of St. Paul and the 
adjacent islands do very little fishing for cod, but are now turning their attention 
chiefly to seaotter hunting, which they find more profitable. It is stated that cod fish- 
ing has never been engageil in to so great an extent by the people of Kadiak as by those 
of the Shumagin grou[), although there are many excellent in shore fishing grounds 
in this region which are easily accessible. A small bank located about 10 miles from 
William's Keef, in a south southeast direction, has an abundance of cod. Another bank 
equally as good lies G or 8 miles oft' Cape Pillar, but there are many such spots all along 
the coast, and many of thciin are close to the shore. Fishing can be carried on without 
intermission during five or six months of the year, and bait is always abundant. 

Capt. H. R. IJowen, formerly of Gloucester, Mass., but now residing in St. Paul, 
thinks that fishermen with a limited amount of capital can establish themselves more 
readily in a Incrative business on Kadiak Island than elsewhere in Alaska. Since his 
first arrival at St. Paul, Captain Bowen has paid several visits to Gloucester; but no 
amount of persuasion on his part could induce any of the New England fishermen with 
whom he talked to move to Alaska, where, in his opinion, they could live just as com- 
fortably and with less exertion. 

The Indian sea-otter hunters of St. Paul are taken by steamers and small sailing 

vessels of the Alnska Commercial Company to the- hunting groun<ls, where they are 

] landed. At the expiration of the season they are brought back, and if the season has 

been a favorable one they will tlH»n have a considerable amount of money <lue them. 
Pay day to the Indians is one of the principal events of the year. They show little 
prudence, however, in the use of money, and otten squander their entire earnings 
in the course of a few days. 

Large schools of herring strike the coast in the vieinity of St. Paul about the 
middle of August, but very few had been taken up to the tinu* oi' llu» arrival of the 
AlbatrosH^ August 14. They are sometinifs txct'edingly abundant in Shelikofi' Strait, 
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between Kadiak Island and the mainland, and several factories have been established 
along the borders of the strait for the purpose of extracting their oil. Ground sharks, 
which are also namerous in this strait, are likewise captured for their oil. A few 
herring are found in Cook's Inlet, where codfish are said to be increasing in abun- 
dance every year, being attracted there it is thought by the oflEal from the salmon 
canneries in Shelikoff Strait, which is carried into the inlet by the tides. Halibut 
have been taken in small numbers at the hea<l of Cook's Inlet, and dogfish are very 
numerous along the coast from the northeast entrance to Shelikoff Strait to Prince 
William's Sound. 

Notes on the fisheries and fishing vessels, — The weather at Kadiak was unexception- 
ally fine during 1888 up to the middle of August, there having been less fog and rain 
than for many years past. Cod could have been successfully dried, but in most years 
this would not be possible, as moist weather generally prevails. 

Besides the Indians, there are at St. Paul about twelve or fifteen white men of 
various nationalities who engage in sea-otter hunting throughout the year. The white 
hunters have small schooners of about 25 tons burden, in which they make long voy- 
ages. The crew consists of two to four men, and occasionally one or two Indians are 
taken along. They use rifles chiefly during the summer, but in winter, when stormy 
weather prevails, gill nets are exclusively employed. Some of these hunters are very 
skillful, and several thousand dollars have been earned by a single individual in a 
season. Captain Anderson, one of the most successful hunters of St. Paul, and, in 
fact, of Alaska, landed fifty sea otter skins as the result of one trip during the present 
season, receiving for them $100 each. The gill nets are the same as those employed 
at Belkovsky, and have already been described. Gillnet fishing for sea otters is 
expensive for the reason that the nets last only a very short time, one month being 
considered the extreme limit of service for a net in constant use. The short life of the 
nets is due, not to actual wear, but to neglect on the part of the hunters to properly 
care for them. After having remained down a few days they become covered with 
slime and sea- weed, and when taken up they are merely dried and cleaned, no preserva- 
tive being used upon them. When told of the method of salting the seines, pursued 
by the mackerel fishermen of the eastern coast, whereby their nets are sometimes kept 
in good order for several years, much surprise was manifested, and that plan will now 
probably be tried by some of the Alaskan hunters. 

Most of the sailing vessels of Alaska are schooner-rigged. The mainsail is gen- 
erally triangular in shape, resembling the ^^ riding" sail used by the Grand Bank fish- 
ermen. This prevents the use of a main gaff*, however, which detracts greatly from 
the beauty of the rig. It is claimed by those wno employ it that this pattern of sail is 
much safer in squally and otherwise rough weather, and that with it there is less dan- 
ger of carrying away the main-boom or mainmast in jibing. Its advantages are also 
said to be greater than those of the ordinary pattern in approaching the many danger- 
ous bays and headlands on the Alaskan coast. It is possible that this style of main- 
sail may be better adapted to stormy weather, as it presents less area to the wind, but 
in an ordinary sailing breeze it labors under a great disadvantage in going to wind 
ward with schooners carrying a gaff to their mainsails. Furthermore, the New Eng 
land fishermen enter harbors on the Atlantic coast which are fully as dangerous as any 
in Alaska. The topmast of these schooners is a continuation of the mast above the 
eyes of the rigging. Should the topmast be carried away close to the rigging, an 
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entirely new mast would have to be pot in. No light sails are carried except a main- 
stay-sail; which is set from the deck. A jib and a fore-stay-sail comprise the head sails. 
The masts are far enough apart to admit of a fair-sized foresail, which is essential on 
account of the small size of the mainsail. These little schooners areexcelient sea boats, 
from the febct that they are very deep in proportion to their size, and therefore draw a 
good deal of water. They have a considerable dead-rise and drag-line. The wood 
chiefly used in their construction is Ala-skan spruce and pine. The fastenings are of 
iron, galvanized iron having been employed during late years. The construction of 
these vessels, so far from ship-building centers, and with so few facilities at hand, 
reflects much credit on their designers and builders. 

The inhabitants of St. Paul, both Indian and Russian, use dories for general pur- 
poses about the harbors and islands. They are constructed by the Indians and Creoles 
employed by the Alaska Commercial Company, out of spruce and cedar. They approx- 
imate in shape and general appearance to the Salisbury dory, but must be regarded as 
inferior to it, although of comparatively good workmanship. The bows and arrows, 
paddles, and various other articles used in connection with them are made by the 
Indians, and exhibit much skill and ingenuity. 

The hooks and lines employed for catching cod about St. Paul are of a primitive 
type. Pieces of lead of various sizes, but of no particular shape, are used as sinkers. 
The hooks are fastened to the lines above the lead, without the intervention of snoods. 
None of the wooden hooks used by most Indians for catching halibut were observed at 
this place. 

Directions for entering 8t Paul Harbor. — "In coming from the southward make 
TJgak Island, then Cape Greville (known locally as Chiniak Point). The east or seav 
ward side being free from dangers can be approached with safety, but a ledge of rocks, 
which makes off to the northward, must be left on the port hand. The rocks are above 
water, and being prominent should be cleared without difficulty if the cape has been 
sighted, and no vessel would attempt to pass inside without seeing it. The lead should 
be used in thick weather, as the outer limit of Portlock Bank is well defined and from 
35 to 40 miles distant. Having cleared the rocks off the cape, stand west-northwest 
(magnetic) for Long Island, which will carry a vessel about three-fourths of a mile 
outside of the Outer Humpback. If it is not seen the island will be the next landfall, 
and can be approached with comparative safety. Outer Humpback should be seen if 
the weather is suitable for a stranger to make the harbor, in which case pass within 
one- fourth to one- half a mile, leaving it on the port hand, and steer W. J N. (mag- 
netic) for the south end of Popoff Island. When the passage between Wooded Island 
and Long Island is shut in, steer N. by W. J W. (magnetic) for the channel, passing 
100 yards from the point of Wooded Island, off the settlement. Continue the course 
until the store-house on the wharf at St. Paul opens out, then stand in for the anchor- 
age off the astronomical station (Coast and Geodetic Survey Chart No. 77tJ), anchoring 
in about 13 fathoms. 

"The Wooded Island side of the channel should be favoroil to avoid a nn^f on the 
west side, and the course continued to clear a rock about one-eightli of a mile otV the 
north end of Holiday Island, which is not shown on the chart. 

*' To enter the inner harbor, keep the crib lying just off the end of tlie wharf, open 
about 50 feet from Near Island until nearly up with it, keeping m i^Ums m praotioiibh^ 
until inside of the reef, then steer for the wharf. A vessel hIiouUI eiitvr with I ho Cido 
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running a little flood, which sets to the northward. The channel is very narrow, and 
a stranger should not attempt it without a pilot It is high water at the wharf, full 
and change, at 1 hour.'' 

13. ALBATROSS BANK. 

Hydrography. — Albatross Bank lies off the southeastern side of Kadiak Island, 
and extends the entire length of that island, and also in front of the Trinity Islands 
at the southwest. It is continuous with Portlock Bank at the eastern end, there 
being no intervening depression between the two. The 100-fathom curve was located 
approximately in two places— opposite the Trinity Islands by one sounding, and oppo- 
site Sitkalidak Island, near the center of the Kadiak coast, by four deep soundings. 
At the former locality this curve was distant about 25 miles from the nearest point of 
Tugidak Island, and at the latter from about 42 to 45 miles from land. The total area 
of the bank inside of the 100-fathom curve is estimated to be about 3,700 square miles. 

The depths are irregular, the main portion of the bank being in some places sepa- 
rated from the land by comparatively deep water, while in others shoal water inter- 
venes. Two lines of soundings were run outward from Sithinak Island, one of the 
Trinity Islands. One, extending southwesterly from that island, shows 28 fathoms 
within about 3 miles of the land, followed by 54, 75, 66, and 159 fathoms; the other, 
extending southeasterly, has depths of 23, 52, 46, 52, and 88 fathoms. A depth of 71 
fathoms was found 5 miles northeasterly from Two Headed Cape, and 111 fathoms 
5 miles southeasterly from that position, followed in the same direction by 60, 44, 46, 
38, and 347 fathoms. Four miles southeasterly from Dangerous Gape, 53 fathoms 
were discovered, followed 3 miles further out in the same direction by 86 fathoms, 
and then by 44, 49, 58, and 485 fathoms. A line extending off from Ugak Island 
begins with 25 and 45 fathoms, and another off from Gape Greville shows in succession 
81, 57, 39, 71, and 75 fathoms. 

The greater number of soundings indicate depths between 40 and 60 fathoms. 
Beyond the 100-fathom line the slope is very abrupt. All varieties of bottom occuri 
sand being most prevalent, and rocky patches common. 

Dredgings, — ^The beam trawl was used in a depth of 159 fathoms, sandy bottom, 
about 28 miles south of the Trinity Islands, in latitude 56o N., longitude 154o 20^ W. 
(station 2853). Large quantities of fishes, crustaceans, worms, mollusks, echinoderms, 
and sponges were taken ; an especial feature of the haul consisting of over one hundred 
specimens of a fine large free crinoid, which came up in excellent condition. 

Two successful hauls of the beam trawl were also made off the island of Sitkal- 
idak, south of Kadiak. The first station (2854) was located about 7 miles south of the 
western part of Sitkalidak Island, in 60 fathoms, sandy bottom; the second station 
(2855) directly off the southwestern end of the same island, in 69 fathoms, green mud. 
Fishes of many kinds were especially abundant in both hauls. The crustaceans were 
represented chiefly by an abundance of shrimps and hermit crabs; mollusks were 
unusually plentiful, about 3 bushels of the larger and commoner forms being obtained ; 
and echinoderms of all classes were also common. 

Trials for fish, —At hydrographic station No. 1350, abont 16 miles south of Tugidak 
Island (latitude 56o 07' N., longitude 154o 38' W.), 37 fathoms, sandy bottom, nine 
hand lines were kept in use a little over an hour, resulting in the capture of forty-seven 
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cod, having an average weight of 10 pounds each, and an average length of 28^ 
inches. Walrus meat and cod were used as bait. Pair after pair of cod were hauled 
up in quick succession, and at the close of the trial they were biting as freely as in the 
beginning. This locality holds out exceptional inducements to fishing vessels, which, 
judging trom the experience of the Albatross, might obtain large fares in an incredibly 
short space of time. Good harbors are within easy reach of the place, fine weather 
generally prevails excepting during the foggy spells of summer, and bait of many kinds 
may be taken on the grounds. 

About 33 miles southeast of Sitkalidak Island (hydrographic station Ko. 1372, 
latitude 56^ 5V N., longitude 152o 5(K W.) several halibut were taken with hand lines 
in a depth of 37 fathoms, sand and broken shells. 

A third trial for fish was made on the inner part of Albatross Bank at hydro- 
graphic station No. 1392 (latitude 57o 16' N., longitude 152o 22' W.), about 5 miles 
east of Dangerous Cape, Kadiak Island ; depth, 39 fathoms ; bottom, black sand and 
gravel. Nine hand lines, baited with salt salmon, were employed for fifty minutes, 
during which time sixty-nine cod and one halibut were taken. This was the best trial 
made on the Alaskan grounds, both as regards the rapidity with which the fish took 
the bait and their size and quality. The cod averaged 12 pounds each in weight, and 
30| inches in length. Their stomachs were well filled with food, and they were more 
thrifty looking than any previously taken. A photograph of the entire lot, as it lay 
upon the deck, was secured. The spot where these fish were captured is a favorite 
fishing ground of the inhabitants of St. Paul, Kadiak, and large fares could be obtained 
in a short time by trawl or hand-line fishing. 

At the next hydrographic station (No. 1393), 11 miles northeast of Dangerous Gape, 
25 fathoms, rocky bottom, a brief anchorage was made, and cod and halibut were 
taken in abundance with the hand lines. 

Remarks. — There are many excellent harbors and convenient anchorages in close 
proximity to this bank, which make it one of the most desirable fishing grounds 
which has yet been surveyed on the Alaskan coast. It has been resorted to for some 
years by a few fishermen who locate the rich spots which they have found by bearings 
from the land. 

14. PORTLOCK BANK. 

Hydrography. — This is the largest of the Alaskan banks that have been sur- 
veyed up to the present time. Its area inside of the lOOfathom line is about 6,800 
square miles, that of George's Bank, the second largest bank on the eastern coast of 
North America, being about 8,4(i0 square miles. Its outline, as indicated by the lOO- 
fathom curve, is irregular. It extends northeastward from Kadiak Island to about 
longitude 148^ 30^ W,, a distance of from 110 to 120 miles, and is widest at the 
western end, where its width equals that of Albatross Bank and Kadiak and Afognak 
Islands combined. Neither its northern nor southern boundary was positively deter- 
mined, however, in this region. Depths of 76 to 99 fathoms were found in the direc- 
tion of Kenai Peninsula, 97 fathoms occurring 16 miles south of Point Gore, the near- 
est point on the mainland to which soundings were made. 

Between longitudes 160o «nd 151^ W. the bank abruptly narrows, and thence 
maintains a width of 35 to 45 miles to its eastern end. There is a broad indentation! 
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with depths of 102 to 166 fathoms, on the soathern side ; depths of 105 to 122 fathoms 
occur just off the northern border, and 106 to 761 fathoms off the eastern end, close to 
the 100-fathom curve. 

On the afternoon of August 23, in making the most northern soundings in longi- 
tude 1610 and thereabouts, the Chugatz Islands, Point Gore, and Pye Islands were in 
sight, and cross-bearings were frequently taken to verify positions. Many snow-capped 
mountains were visible on the mainland, and in Nuka Bay an immense glacier extended 
apparently to the water's edge. 

The soundings made by the Albatross between longitude 150° W. and the eastern 
end of the bank, inside of the lOOfathom line, show depths of 60 to 99 fathoms. Old 
soundings of 45 and 63 fathoms were not verified, although not shown to be inaccurate. 
Between longitudes 150^ and 151^ W. two soundings of 37 fathoms occur near the cen- 
tral part of the bank, while on the southern part depths of 40 to 72 fathoms were 
found. Between longitudes 151° and 152o W., the latter marking approximately the 
western boundary of the bank and the coast line, the depths, according to the sound- 
ings of the AlbatrosSj range from 20 to 81 fathoms, the latter occurring near the land; 
but there are no indications of a marked or extensive depression between the bank 
and the shore. 

Gray sand prevails over most of the bottom, mixed with pebbles, gravel, and 
broken shells in places, and with occasional patches of mud, and some rocky spots on 
the western part of the bank. 

Between the eastern end of the bank and Middleton Island depths of 87 to 902 
fathoms are shown by the single series of soundings made by the steamer. Two 
soundings of 87 and 101 fathoms, about midway between the two, indicate a small 
raised area surrounded by much deeper water. 

Corrections. — Two lines of soundings on the southwestern part of Portlock Bank 
indicate shoaler water in that region than is marked upon the published charts of the 
Coast and Geodetic Survey, whose soundings are given on the chart accompanying 
ihis report in conjunction with the soundings of the Albatross. The two lines in ques- 
tion are as follows: One beginning in latitude 57o 52' N., longitude 151© 47' W., off 
Ghiniak Harbor, and extending thence south 51^ E. 50 miles, with soundings of 47, 
30, 33, 35, 38, 42, 48, 57, and 72 fathoms; the other beginning in latitude 57© 26' N., longi- 
tude 150O 06' W., in 200 fathoms, and extending K. 51© W. 63 miles, with 59,51, 43, 40, 
36, and 78 fathoms. This work was done in fair weather, and it seems to prove the 
extension of Portlock Bank to Cape Greville without the intervening depression so 
generally found in this region near the land. The last sounding noted above, 78 
fathoms, was made at dredging station No. 2(S56, which was occupied at noon. The 
latitude was obtained by meridian altitude of the sun, the longitude by chronome- 
ter, and both verified by bearings of the land, all of which showed Marmot Island to 
be improperly placed on Coast Survey Chart No. 702, by which its nearest point should 
have been 9 miles distant, yet the surf could be seen breaking on the beach not 5 
miles away. 

Dredging. — Three successful hauls of the beam trawl were made on Portlock Bank, 
as follows: Station 2856, latitude 58© 07' N., longitude 151© 36' W., about 15 miles 
east of Pillar Cax)e, Kadiak Island, in 68 fathoms of water, bottom gray sand, black 
specks ; station 2857, in latitude 58° 05' N., longitude 150o 46' W., about 42 miles east 
of Pillar Cape, 51 fathoms, gray sand and broken shells ; station 2858| in latitude 
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680 17' K, longitude 148o 36' W., on the eastern edge of the bank in 230 fathoms, 
blue mud and gravel. A large quantity of material was secured at each of these sta- 
tions. At the two former ones the results were similar to those obtained on Albatross 
Bank, but at the latter many new forms were taken which belong to deeper water. 
The principal fishes captured at station 2858 were Olyptocephalus paciJUmSy Sebast- 
ichthys sp. (red rockfish), and a red species of Sehastes, 

Trials for fish. — Several trials for fish were made on Portlock Bank with hand 
lines, both rich and poor bottom being found in different localities. 

The first trial was at hydrographic station No. 1421, latitude 67o 5V N., longitude 
1510 08' W., about 35 miles east of Spruce Island, Kakiak, depth 36 fathoms ; bottom, 
gravel and broken shells. At this place thirty cod and one halibut were taken with 
nine hand lines in eighteen minutes, salmon being used as bait. The cod averaged 8^ 
pounds in weight and 27 inches in length ; the halibut weighed 10 pounds. 

The second trial was at dredging station No. 2857, latitude 58^ OS' N., longitude 
1500 46^ W., about 15 miles northeast of the last position, depth 51 fathoms, gray sand 
and broken shells. Although large quantities of specimens of the lower animals 
were obtained at this place in the beam trawl, the fishing was not successful, only two 
cod and four flounders (Atherestes) being captured on the hand lines. It is possible 
that the ship drifted from the rich ground before the lines were put over. A large 
number of whales were seen during the afternoon of this day, August 22. 

A third trial was made at hydrographic station No. 1436, latitude 58° 23' N., longi- 
tude 160O 32' W., on the northern part of the bank, depth 37 fathoms; bottom, broken 
shells. Eight hand lines were kept out eighteen minutes, but here again the results 
were poor, only three cod, averaging about 5J pounds each in weight, being taken. 

The region in which the second and third trials were made is seldom if ever visited 
by the fishermen, and is therefore practically unknown. 

Remarks. — This bank is destined to be recognized as a valuable fishing region, but 
the vessels that frequent it must go provided with ground tackle, in order to ride out 
such storms as they may meet with, unless fishing on the western end. A large part 
of the bank is too far distant from the shore to warrant their heaving up and seeking 
a harbor at the approach of every gale. 

15. MIDDLETON ISLAND TO PUGET SOUND. 

MIDDLETON ISLAND. 

Approaching the island, — Middleton Island was sighted about 2 p. m., August 26, 
and late in the afternoon of the same day the Albatross anchored about a mile to the 
northward in 12 fathoms, near the point indicated on the Coast Survey cbart, the north 
end of the island bearing N. 52o E., and the south end S. 27o W. This anchorage was 
off the outer limit of kelp, which seemed to extend the entire length of the island, from 
one-half to one and one-half miles from the beach. The ship was on the weather shore, 
where a moderate northwest wind and strong tide caused a heavy surf, so that landing 
was deferred until the next morning. 

The rock mentioned in the Alaska Coast Pilot as lying 3 miles southwest (mag- 
netic) from the north point of the island, and north-northwest (magnetic) from the 
anchorage was not seen, and, if it exists, is below the surface, where rocks may be 
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encoantered almost anywhere aroand this desolate island. The swell was so heavy 
that no soundings were made except in the immediate vicinity of the anchorage. 

Observations of the tides daring the night showed a velocity of 2 to 3 knots per 
hoar, the flood setting to the northward and eastward, and the ebb in the opposite 
direction. 

Aagast 26 began with a moderate breeze from the soathwest, veering to north- 
west, northeast, and east-soatheast, with clear weather, except for two hoars in the 
early morning. The surf was still too heavy for landing, and being anxious to get 
observations on shore, as well as to give the naturalists an opportunity to examine the 
region, the ship was got under way and steamed to the southern end of the island. 
When about to anchor in 10 fathoms the keel came in contact with a rock, but she 
was backed off without damage and anchored in 15 fathoms, about 3 miles distant from 
land, the northern end of the island bearing N. ^ E. (magnetic), and the southern 
extremity NE. § N. (magnetic). Captain Tanner, the navigator, and a party of col- 
lectors immediately landed. 

Oeographical position. — The following observations were taken to ascertain the 
position of the island : Two sets of equal altitudes of the sun for longitude, one meridian 
altitude, and six ex-meridian altitudes of the sun for latitude, the artificial horizon 
being used. They were made under favorable conditions and are reliable. Theobser- 
vation spot is one cable to the westward of the southeast extremity of the island, and 
is marked by a pile of stones on the beach above high water, the mean of all the sights 
placing it in latitude 59o 23' 36.7'' N., and longitude 146© W 33.4" W. 

Chardcteristics and surroundings. — ^Middleton Island is between 7 and 8 miles long, 
N. 220 E,, and S. 220 W., with reefs extending 2 miles or more north and east of it, 
and between 3 and 4 miles off the southern end. The anchorage is on the west side, 
and an approaching vessel should keep well outside of the kelp, as rocks may exist 
anywhere near the island, which is a terminal moraine, composed of mud, clay, and 
gravel, with huge bowlders thinly scattered about over the surface, on the beaches, 
and on ledges above and below the water. 

The southern end has peri^endicular cliffs of mud and clay from 30 to 80 feet in 
height, the greatest elevation, toward the center of the island, being about 120 feet 
above the sea. The strata on this side dip from 30^ to 40o about northwest (magnetic). 
The general appearance of the island is flat, and, the soil being impervious to water, 
numerous ponds are formed by heavy rains, and the entire surface is moist, almost 
boggy, covered in summer with a rank growth of grass, flowers, etc., but with no trees. 

A band of about fifty fur seals was observed upon the rocky reef on the east- 
em side of the island. In the spring the island is visited by Indians in pursuit of 
seals and sea otters, and large parties are sometimes encamped there for several weeks 
at a time. During recent years, however, it is stated that the island is less resorted 
to than formerly for that purpose. It has no permanent inhabitants. The high cliff 
is difficult of ascent, but a means was found of reaching the top, where, near its edge, 
the puffins have excavated long underground passage-ways, which gave the pedestrians 
some uncomfortable walking, as the thin crust of earth covering the burrows was not 
sufficiently strong to withstand their weifjht. In the interior they encountered level 
ground, covered with a rich growth of tall grass and other moisture-loving plants, 
concealing many sluggish little rivulets which slowly tended toward the shore. Search 
was made for fossils in the beds of clay and gravel, but none were found. 
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Fishing. — Two trials for fish were made near the island. The first was at the 
anchorage on the western side, in 12 fathoms of water ; but the strong southerly tide 
which was running at the time swept the leads from the bottom. No edible fish were 
taken, but dogfish were abundant. At the anchorage off the southern end of the 
island, while the naturalists were on shore, the sailors captured the two largest hali- 
but that were taken by the Albatross on the Alaskan coast. One weighed 42 pounds, 
the other 61 pounds. Salt salmon was used as bait. 

MIDDLETON ISLAND TO PAMPLONA ROCKS. 

Hydrographio work. — Leaving Middleton Island at 3 p. m., August 26, the Alba- 
tross sounded in 22 fathoms, latitude 59^ W N., longitude 146° 23' W., and then run- 
ning S. 53^ E. from that position sounded at a distance of 5 miles in 141 fathoms; 
thence 10 miles in 620 fathoms, and 20 miles in 2,425 fathoms. 

The course was then changed to K 74^ E., for Pamplona Rocks. The day ended 
with clear, pleasant weather, and smooth sea, which continued on the 27th. Forty 
miles from the last station a sounding was made in 2,224 fathoms ; 27 miles farther, in 
2,138 fathoms, and 17 miles still farther in 1,528 fathoms. Changing the course to S. 
510 E., the ship ran 17 miles to one of the positions assigned to the rocks; thence 
S. IGO W. 3 miles, and sounded in 1,763 fathoms ; east 6 miles, and S. 28o W. 7 miles, 
to another reported position, where a depth of 1,745 fathoms was found; N. 70^ E. 9 
miles, sounding in 1,675 fathoms; K. 84^ E. 10 miles, 1,500 fathoms, and S. 43© E. 10 
miles, 1,548 fathoms. 

Position of Pamplona Rocks.^^^ The position assigned to Pamplona Rocks on Coast 
Survey Charts 701 and 702, Hydrographic Office Chart No. 527, and the Alaska Coast 
Pilot, is latitude 59o 03' N., longitude 142o 40^ W. ; but Coast Survey Chart 960 places 
them in latitude 59© 35' N., longitude 142o 04' W. 

<* I considered it highly important that these dangers should be located in the 
interest of commerce as well as the fisheries, and as time would not permit an exami- 
nation of both localities, we selected that which seemed to have the weight of Evidence 
in its favor. The weather was remarkably clear, and the search was made during the 
middle of the day, with a lookout on the top-gallant yard, his line of vision extending 
10 miles or more on either hand, without detecting any sign of rocks or shoals. The 
soundings were regular and gave no indication of shoaling water, so that it may be 
stated positively that the rocks do not exist within 20 miles of the assigned position. 

*' Coast Survey Chart No. 9G0 places them nearer land, where 40 to 50 fathoms 
are found in their vicinity, and where rocks, banks, or a ledge, as these dangers are 
called by different authorities, might be expected to exist. The snow-clad heights of 
Mount St. Elias, from 90 to 100 milrs distant, were visible during the da^', and many 
snowy peaks of less magnitude could also be seen from time to time.'* 

PAMPLONA KOCKS TO PUGET SOUND. 

Hydrographic tcorlc and narrative. — Leaving the locality wliere search was made 
for Pamplona Kocks, a course was laid for the northern end of Vancouver Island. 
On August 2S two sonndings wore made, the first, 50 miles S. 43° E. from the last 
station (latitude ^^^ W N., longitude 14()0 35' W.), in 1,815 fathoms, gray ooze; the 
second, 50 miles farther in the same directio.i, 1,778 fathoms, brown and gray ooze. 



ALBATROSS EXPLORATIONS; ALASKA, WASHINGTON, AND OREGON. 49 

Daring the three folio wiog days soundings were made as follows: 

Latitude 66o 35' N., longitude 1370 56' W., 1,433 fathoms; 

Latitude 55o 20' N., longitude 136^ 20^ W., 1,569 fathoms, accompanied by 
dredging; 

Latitude 640 02' N., longitude 134o 34' W., 1,571 fathoms ; 

Latitude 52o 32' N., longitude 133o 05' W., 1,601 fathoms; 26 miles SW. J S. 
(magnetic) from Gape St. James, 1,099 fathoms ; 

Latitude 51o 23' N., longitude 130o 43' W., 876 fathoms, accompanied by dredging ; 

Latitude 51^ 14' N., longitude 129^ 50' W., 204 fathoms, accompanied by dredging; 

Latitude 51o 09' N., longitude 129o 07' W., 83 fathoms; 

Latitude 51^01' N., longitude 1280 25' W., 52 fathoms. 

The last station was off the northwestern extremity of Vancouver Island, where 
an anchorage was made on the night of August 31. From there the ship proceeded by 
way of the inner passages between Vancouver Island and the mainland to Seattle, 
Wash., where she arrived September 6, having made several stops on the way for the 
purposes of sounding, dredging, coaling, etc. 

Sonnding and dredging stations were made in Queen Charlotte Sound, off the 
southern entrance to Goletas Channel, depth 238 fathoms; in the Gulf of Georgia, off 
Fraser River, 67 fathoms; in the southern part of Washington Sound, 48 fathoms; 
and off the northern entrance to Admiralty Inlet, 40 fathoms. 

Night anchorages were made in Alert Bay, Tribune Harbor, and Burrows Bay, 
and a supply of coal was taken in at Departure Bay. Burrows Bay is a good harbor, 
and is protected firom all but southerly winds. 

On the trip to Alaska during the first part of July the steamer Albatross made the 
same inner passage, but no hydrographic or dredging work was done. While going 
through, however, stops for various purposes were made at Esquimalt, Departure Bay, 
Tribune Bay, Alert Bay, and Fort Rupert, at all of which places collections and obser- 
vations of greater or less extent were made, as explained further on. 

Dredging. — ^Two casts of the beam trawl were made In deep water on the way south 
from Pamplona Rocks to Vancouver Island. The first was at station No. 2859, lati- 
tude 650 20' N., longitude 136o 20' W., to the eastward of Prince of Wales Island; 
depth, 1,669 fathoms; bottom, gray ooze. The second was at station No. 2860« lati- 
tude 610 23' N., longitude 130O 34' W., off Cape St. James, Queen Charlotte Islands, 
876 fathoms, green mud. Both of these hauls developed a rich deep-sea fauna, and a 
large number of interesting specimens were obtained. Among fishes the genus Macru- 
rus was represented by several species and over a hundred specimens, a large species 
of Lithodes (deep-sea spiny crab), several species of shrimps, several genera of echi- 
Doderms and Umbellula were very abundant. 

At station 2861, latitude oio 14' N., longitude 129o 50' W., 204 fathoms, the assem- 
blage of forms was more like those obtained on the deeper parts of the Alaskan fish- 
ing banks. Both fishes and invertebrates were taken in great abundance, and among 
the latter were several specimens of a species of AnthomcLstuSj which was here seen for 
the first time. 

Station 2862 was in Queen Charlotte Sound, off the southern entrance to Gtoletas 
Channel, Duncan Island bearing ENE. J E. (magnetic); Noble Island, N. J W. (mag- 
netic); depth, 238 fathoms; bottom, gray sand and mud. The trawl came up with a 
heavy load of mud, which detained the ship two hours or more, as it was necessary to 
Bull. U. S. F. C, 88 4 
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tow it throngh the water until relieved of sufficient weight to allow of its being landed 
on deck. This proved to be an exceedingly rich haul, the bulk consisting of sponges, 
of which there were several bushels. Fishes, crustaceans, and brachiopods were also 
abundant, the latter group being represented by apparently three species. 

Three dredgiugs were made between Departure Bay andPuget Sound, as follows: 
No. 2863, in the Gulf of Georgia, off the mouth of Fraser River (latitude 48© 68' N., 
longitude 123o 10' W.), 67 fathoms, fine sand ; No. 2864, in the southern part of Wash- 
ington Sound (latitude 48o 22' N., longitude 122^ 51' W.), 48 fathoms, mud, sand, and 
broken shells ; No. 2865, off the northern entrance to Admiralty Iniet (latitude 4S^ 12^ 
N., longitude 122^ 49' W.), 40 fathoms, pebbles. At the two former stations a large 
quantity of material was obtained, but at the last the trawl capsized and only a few 
specimens came up. Fishes, mollusks, crustaceans, annelids, echinoderms, and hydroids 
were abundant. Two bushels of large red shrimps, representing several species, and 
a few cup corals, were secured at station No. 2864. 

FOBT BITPEBT, VANCOUVER ISLAND. 

July 12 the Albatross called at Fort Rupert, or Beaver Harbor, for the purpose of 
obtaining a supply of clams, to be used as bait; on the Alaskan grounds. Clams are 
unusually plentiful in this locality, and with a force of fifteen sailors ten bushels were 
dug at one low tide. Three species occur here in about equal abundance. The large 
gaper clam (8chizoth<Brus) is obtained by digging deeply at lowest water mark. Saxi- 
domus nuttallii (qnahog) and the little Tapes staminea are usually only 6 or 8 inches 
below the surface, and may be found anywhere between high and low water mark. 
During unfavorable fishing seasons the salmon cannery at Alert Bay has put up clams, 
obtaining its supplies from Beaver Harbor. The chief occupation of the Indians is 
hunting and fishing. All the furs they obtain are sold to Mr. Eobert Hunt, who 
pays for them in flour, clothing, and other necessary articles. Money is sometimes 
demanded, but not often. 

Discovering the object of the visit of the Albatross^ the Indians brought many clams 
alongside the ship in their graceful canoes. An entire canoe load was obtained in 
exchange for articles of barter of most trifling value. There are at Fort Rupert only 
two white settlers and about one hundred Indians. 

ALEBT BAY, VANCOUVER ISLAND. 

Short stops were made at Alert Bay both going and returning. There is an Indian 
village at this place, and also a salmon cannery, where, up to September, 46,000 cases 
of salmon had been put up. 

Salmon are sometimes very abundant about the bay and neighl)oring islands, and 
are fished for chiefly with seines and gill nets. The fishermen arc^ paid 5 cents each 
for all the salmon landed at the cannery. The Indians of the villago «re principally 
occupied in fishing for the cannery. A few of them use spears for this purpose, and 
at times they do fairly well, frequently earning as much as $5 a day. At llu» time of 
the first visit to the cannery, July 11, seven or eight hundred of the Siikkegh salmon 
{Onoorhynchus nerka) were piled upon the floor. 
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DEPARTURE BAY, VANCOUVER ISLAND. 

Collecting. — ^A delay of two days while coaling at Departare Bay, July 10 and 11, 
was atilized to advantage in seining along the neighboring shores, daring which many 
interesting fushes and marine invertebrates were secured. The larger fishes obtained 
were Ditrema laterale (blue perch), Damalichthys argyrosamus (white perch), Miorome- 
trus aggregatusy Sebastichthys paucispinis^ Ophiodon elangattMj and Chinuera coUiei. The 
first four 8i)ecies were taken in considerable numbers at each haul of the seine. Ditrema 
and Micrometrus are highly esteemed as pan fish. From one adult specimen of Damal- 
ichthys argyrosomus thirty young ones were obtained, one of which lived in the aqua- 
rium on board the ship for two days. The young were much compressed laterally; 
body above lateral line faint purplish, below more inclined to silvery; fins transparent, 
pinkish, very soft and membranous, larger in proportion to size of body than in the 
adult. This species was not found with its young later in the season. The great rise 
and fall of tide which occurs in this region, amounting to about 15 feet, makes it very 
easy to collect the marine invertebrates along the shores. The large many-armed star 
fish {Pycnopodia helianthoides) is abundant at Departure Bay. 

Fishery notes. — There are only a few fishermen at Departure Bay, all of whom are 
Italians. They fish chiefly for dogfish, which school in vast numbers in the bay and 
in the neighboring indentations of the coast during the winter months. As spring 
approaches the dogfish migrate to the Gulf of Georgia to feed upon herring and other 
small fish. About the first of December a large school of herring seeks the waters of 
Departure Bay, closely pursued by the dogfish. At this time the Italians begin their 
fishing, which is actively continued until March, when the herring leave the bay for 
deeper water. Gill nets only are used for the capture of dogfish. They are 40 fath- 
oms long, from 20 to 25 feet deep, and have a 6-inch mesh. They are made of hemp 
and cost from $12 to $15 each. The floats are of cork and have the same size and 
shape as those used on the mackerel purse seines ; they are obtained in San Francisco. 

The rainy season begins in November and lasts until February. The prevailing 
winter winds are from the southeast. Strong northerly winds, however, occasionally 
sweep down the coast during that season, and at such times the dogfish generally leave 
the bay for a few days, or until the wind changes back. Salmon are most abundant 
in September. Spring salmon strike the coast in November, and are caught during 
the winter months; a few are occasionally taken in the dogfish nets. No halibut are 
caught at this place, but skates are numerous. Cod seldom enter the bay, but are 
found outside in deeper water. Those taken are not large, averaging about 5 pounds 
each. They are not often fished for and are not considered of much commercial value. 

It has not, apparently, occurred to the Italian fishermen that the hcTring, so 
abundant in Departure Bay, is a valuable oil-producing fish. A few have been smoked 
for the local trade, and it is stated that during the comingwinter this method of prepar- 
ing them will be attempted on a much larger scale. Dogfish oil brings 50 cents per 
gallon at Nanaimo, and "ratfish'^ oil (the oil from Chimcera colliei)j 75 cents per gallon. 
These oils are used by the Wellington Coal Company for lubricating purposes. The fish- 
ermen carry on their business on a small island in the bay, and at times they realize 
considerable profit from it. Three dollars per day is said to be regarded as fair wages. 
They are very primitive and uncleanly both in their way of living and in their methods 
of extracting the oil. With proper facilities the preparation of herring and dog- 
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fish oil in this locality might be made a profitable business. There are nnmeroas 
islands along the inner coast of Vancouver Island, where dogfish try- works could be 
established, and the fishing continued duriug the entire year. 

A few Indians fish in the bay chiefly for salmoD, to supply the market at Nanaimo 
as well as their own wants. Their method of fishiug is to troll with hook and spoon. 
They use dug-out canoes measuriug from 12 to 20 feet in length, which, in their con- 
stmctioD, show great attention to symmetry of outliue, and much care and ingenuity 
in workmanship. They cost, when new, from $5 to $20 each, according to size. 

The fishiug boats used by the white men mostly range in length from 15 to 20 feet, 
and are both clinker and carvel built. Some are sloops, while others have a two- 
masted sprit-sail rig. They are all rudely constructed and are not neat in their 
appearance. 

Fishing in Departure Bay and Harbor is seldom interfered with by the presence 
of ice during the winter months. 



C— REPORT OF THE EXPLORATIONS ON THE COASTS OP WASHINGTON 

TERRITORY AND OREGON. 



i6. NARRATIVE. 

RetnmiDg from Alaska, the Albatross arri\red at Seattle, Wash., on the afberDOon 
of September 6, and was detained there until the 17th, in making a few repairs to her 
machinery. During the stay a visit was received from the mayor and city council, 
who inspected the steamer and expressed great interest in her work. September 17 
the ship proceeiled to Port Townsend, where a conference was had with Judge James 
G. Swan, of that place, relative to the fisheries of Washington Territory and the pro- 
posed investigations iu that region. The Coast Survey steamer McArthur arrived at 
Port Townsend the same day, and an account of her soundings in the neighborhood 
of Cape Flattery was obtained, which resulted in a great saving of time and labor, as 
otherwise the Albatross would have been obliged to sound over a portion of the same 
ground. 

The steamer left Port Townsend on the 18tb, and, passing through the Straits of 
Fuca, began the examination of the outer coast, which, duriug this trip, covered the 
area lying between Sljoalwater Bay (latitude 46^ 31') and the coast of Vancouver 
sland in latitude 49^ N., including the halibut banks at the mouth of the Straits of 
Fuca. An anchorage for tiie night was made at Neeah Bay, September 24 ; the 2()th 
and 27th of the same month were spent in Barclay Sound, Vancouver Island ; and the 
Albatross returned to Port Townsend September 30, and to Seattle October 1, remain- 
ing four days for repairs at the latter place. 

Leaving Seattle October 4, a short stop was made at Port Townsen<l, where, on 
the invitation of Captain Tanner, Judge James G. Swan joined the ship for a part of 
the second and final cruise before returning to San Francisco. A visit was made to 
7ictoria, Vancouver Island, to obtain information respecting the recent attempts to 
.^tablish a fishery for the beshowe or black cod, and the ship was also coaled at 
Departure Bay. Passing Cape Flattery on the evening of October 10, and sailing 
down the coast, operations were begun in the vicinity of Shoalwater Bay, and carried 
uhence to the latitude of Tillamook Rock, Oregon, a short distance below the mouth of 
tbe Columbia Ui ver. The steamer entered the Columbia River October 14 arid anchored 
off Astoria. Visits were reCyCived from Mr. F. C. Reed, State fish commissioner for 
Oregon; from the Hon. J. n. D. Gray, Colonel Taylor, and other prominent residents 
of Astoria, with whom tbe fishery interests of tbe region were discussed. Judge Swan 
left the Albatross at this place and returned to Port Townsend. The Albatross pro- 
ceeded to sea on the 18th, made trials for fish and several dredgings about Tillamook 
Rock, and also a brief examination of Heceta Bank. From the latter region she sailed 
directly to San Francisco, where she arrived October 21. 
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17. PUGBT SOUND AND THE STRAITS OF FUCA. 
DBEDaiNa AND FISHINa TRIALS. 

No soundings or dredgings were attempted by the steamer Albatross either in 
Pnget Sound or directly in the Straits of Fuca, but two trials for fish were made in the 
latter region and two dredgings (stations l^o. 2864 and 2865) in the southern part of 
Washington Sound, as previously described. Important information respecting the 
fisheries and fishery industries of the region were, however, obtained. 

Off Race Island. — October 19, after coaling at Departure Bay, a cod trawl was set 
in a depth of 101 fathoms, off Race Island, at the southeastern end of Vancouver 
Island, for the purpose of discovering the presence of beshowe or black cod, which 
were supposed to occur there. It was allowed to remain down only half an hour, at 
the end of which time it had secure^l forty dogfish, all the bait having been taken 
from the remaining hooks. 

Neeah Bay.— On the evening of September 24 the halibut trawl was baited and 
set off Kaihsla Point, the inner buoy being in 20 fathoms, the outer in 25 fathoms. It 
was allowed to remain down until the following morning, but on hauling it only twenty- 
four dogfish and two skates were found. Halibut and beshowe are sometimes taken 
in close proximity to Neeah Bay earlier in the season. The last-named species' is never 
abundant here, however; but some years it is sufficiently common in the spring to fur- 
nish the Indians of the vicinity with a considerable supply of food. 

SEATTLE. 

Fresh- fish markets and fresh trade. — Since the arrival of the Bchooners Mollie Adams^ 
Edward Webster^ and Oscar and HattiCj bringing with them New England fishermen, 
a conspicuous change is said to have taken place in the manner of presenting 
fresh fish for sale in the city markets. Previously the fish brought in for this trade, 
and which were chiefly caught by the Italian and Greek fishermen, were left in the 
bottom of their boats or thrown upon some convenient wharf exposed to dirt and flies 
until sold. Now there are six or seven well-kept markets in the city, where the fish 
have an inviting appearance. One of these is owned by a Mr. Butler, formerly of 
Gloucester, Mass., who is doing fairly well at retailing and shipping small quantities 
of fresh salmon to St. Paul and Minneapolis, Minn. Mr. Butler states that the 
demand for salmon by the eastern markets far exceeds the supply on account of the 
small catch at the present time. No other person in the city has attempted to ship 
fresh salmon to the inland cities. Strange to say, the fresh salmon consumed in Port. 
Townsend are shipped there from Seattle. 

During the two stops made at Seattle, from September 6 to 17, and from October 
1 to 4, the fish markets were visited every morning, with the result of finding the 
following species exposed for sale: Columbia salmon (Oncorhynchus chouicha)^ silver 
salmon (0. fci^wtcA), white perch (Damalichthys argyrosomus) , i^erch {Micrometrus ag- 
gregatu«\ brown rockflsh {Sehastichthys maHger), surf smelt {Hypomesns pretiosus)^ 
starry flounder {Pleuronectes stellatus), (\ee\h water ^oumler (01 yptocephalus zachirus)^ 
flounders {Psettichthys melanosticuHj Parophrys vetulus, and Pleuronectes isolepis)^ tom 
cod (Microgadm proximus)^ and a number of smaller and less valuable species. Salmon 
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were the prevailing species at this season, being taken daily in the channels opposite 
the town by the Greek and Italian fishermen. There are several squads of these men 
who go out in large, unwieldy, broad-sterned boats, which they laboriously but 
patiently propel from the landings to the seining grounds at each high tide, whether 
in the day or night 

rhe salmon seemed to be sufiiciently plentiful to supply the demands of the town 
and to keep the few canneries in this vicinity in operation most of the time. A favorite 
amusement of the towns-people is trolling for salmon, which is done with fair success 
directly in front of the city wharves. Many Indians also fish for salmon in dug-out 
canoes of their own manufacture. 

The salmon fishermen and salmon nets, — There are about three hundred Austrian, 
Italian, Greek, and Scandinavian fishermen in Seattle and vicinity. The greater num- 
ber of these are now engaged in fishing for the canneries, of which there are three 
within a radius of 5 miles of the city. Purse seines and gill nets chiefly are used for 
taking salmon in Puget Sound. Fish traps were introduced into the region in 1888 
by a Mr. Felters, formerly a fisherman on the Great Lakes. Purse seines were first 
employed in the Sound two years ago, and it is stated that they were brought here by 
the Chinese. They do not difier materially from the mackerel seine of the eastern 
coast, except in the addition of an apron which is hauled under the bunt in pursing. 
Some of the seines, however, are said not to have the apron. These seines are 200 
fathoms long, 25 fathoms deep in the bunt, and 20 fathoms in the wings; they have a 
3-inch mesh. The twine used in their construction is of three sizes, Nos. 12, 15, and 
18; No. 12 being used in the bunt. No. 15 at each side of the bunt, and No. 18 in the 
wings. The foot-line is heavily leaded, and the bridles are about 10 feet long. One 
and one-half inch Russian hemp is used for the purse line. The rings through which 
the purse line is rove measure about 5 inches in diameter, and are made of small-sized 
galvanized iron. 

The Puget Sound fishermen claimed that this style of purse ring was superior to 
that used upon the mackerel seines of the eastern coast. They had given the mack- 
erel purse rings fair trial and were forced to abandon them, as the purse line would 
invariably draw twine into the rings, thereby preventing the pursing of the seine. 
Schools of salmon were often lost from this cause. A subsequent examination of some 
of the condemned '* Gloucester rings," as they were called, showed them to be of the 
small composition make, such as were employed at one time on the *^ shoal" or small 
seines. This kind of ring has not been in use by the mackerel fishermen for eight or 
ten years, having been given up by them for the same reason explained above. There 
is no apparent reason why the modern mackerel purse ring would not work to advan- 
tage on the salmon purse seines of Puget Sound. 

The time is not far distant when the combination of Oriental ideas which now 
prevail in this region will give way to the modern improvements which the American 
fishermen are bringing with them to the Pacific coast. It will, however, probably take 
some time to overcome the prejudice which now exists against the introduction of new 
methods of fishing, as the Greek and Italian fishermen are very conservative and 
look with disfavor upon any change from the old ways. 

The salmon boats^ method of stowing the seines, etc, — The boats used in the salmon 
fishery are about 25 feet long and 7 feet wide, the greatest width being at the stern, 
which is square. The bottom is flat, but turns up slightly at the stern. These boats 
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have three thwarts, adapted for two men rowing at each. About 8 feet of the after 
part of the boat is decked over, and apon this deck the seine is stowed. The method 
of stowing and throwing the seine differs somewhat from that followed in the mackerel 
fishery. The salmon seine being thrown over the stern of the boat, it has to be stowed* 
fore and aft instead of athwartship. The corks are placed on the port side, the twine 
on the starboard side. The twine is thrown in a heap, not arranged neatly in ^^ flakes" 
and ^^ bits," as upon a mackerel boat, because the man who throws it is not particular 
to have it clear the stern so as not to retard the speed of the boat in going around a 
school. The result is that the oarsmen have an extra amount of work to perform. 

The scow upon which most of the work is done, and which is considered indispen- 
sable in setting the seine, is 20 feet long by 8 wide, and at each end of it is an iron winch. 
These winches are used for the pursing up, the seine being pursed from the scow* 
There is a wooden purse davit, which is stepped into the side of the scow, and to 
which are attached two 3-inch wooden blocks, the purse line leading from them to the 
winches at either end. Eleven to fourteen men are required to set the seine— six at 
the oars, two at the seine, and two on the scow. Of those at the seine, one throws 
the corks, the other the twine. 

The cost of a salmon seine, boat, and scow is from $1,200 to $1,300. 

Method of fishing with the purse seine. — Starting upon a fishing trip, the boat, with 
its scow in tow, is rowed to a favorable locality where salmon are likely to occur, 
and, having anchored the scow, a lookout is kept for fish. As soon as a school is 
sighted the boat is shoved off, leaving one end of the seine attached to the scow. A 
circle is made around the fish, the boat returning again to the scow, when all hands 
jump aboard of it and commence to haul in on the twine and corks, two men standing 
at the winches and slowly taking in the slack on the purse line. It is not, however, 
until half the length of the seine has been pulled in. that they begin to purse up in 
earnest. At this time the anchor rope is slacked off, and, all hands laying hold of the 
purse line, purse the scow into the middle of the seine. Were this done in the begin- 
ning, much hard labor could be saved. Time and labor would also be economized by 
slacking the anchor rope while the first half of the seine is being hauled in, instead of 
which the seine is hauled bodily through the water. 

During the slow process of pursing a man stands at the davit with a long pole, 
having a block of wood called a " plunger" fastened to it. This is kept working up 
and down between the purse lines, for the purpose of frightening the fish away from 
the center of the net; and it is, no doubt, very effective in saving the school, as the 
bottom of the seine is left open from twenty -five to forty minutes, which is ample time 
for a salmon to find its way out. 

From an hour and a half to two hours are required for setting, pursing up, and 
stowing the seine ready for another trial. On two occasions, when the operations were 
timed, they consumed on an average one hour and forty-five minutes. The result of 
both sets was fifty-odd salmon. As many as two thousand salmon were taken in this 
manner off Seattle at a single haul during 1886, but no such captures have been made 
since that year. Later in 1888 than the time of the above observations salmon became 
more abundant in the vicinity of Seattle. 

Prices paid' for salmon, — The fishermen receive from the canneries 25 cents for 
large and 10 cents for small salmon. Toward the latter part of the season prices are 
reduced. The proceeds of a sale are dividtMl equally among the crew. The boats, 
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seines, and all other gear employed are furnished by the canneries. Three hundred 
dollars is considered fair earnings for a season's work, the season beginning the 1st of 
August and continuing until the latter part of October. 

Fish traps for salmon. — There are seven fish traps in Puget Sound, all of which 
were put down during the spring of 1888. Four are owned by Parker & Felters, pro- 
prietors of the Columbia River Cannery at Seattle, who were the first to introduce 
traps in this locality. Mr. Felters is of the opinion that these appliances will take 
the place of seines, as there is less expense attendant upon their management. One or 
two men are sufficient to tend them and keep them in repair. The fishermen about 
Seattle are strongly opposed to the building of traps, as threatening the future pros- 
perity of the salmon fishery if they are used to any great extent. With the general 
introduction of traps, requiring much fewer men to carry on the work, the majority of 
the present fishermen would be forced to seek other employment during the salmon 
season ; and, furthermore, the fishery would so"*'^ be broken up, at least to such an 
extent as to make it unprofitable to more than a \ ery limited number of fishermen. 

Up to September, 1888, the traps had taken a large proportion of the salmon 
brought to the Columbia River Cannery at Seattle. In addition to the traps, this 
cannery also has two drag and two purse seines fishing for it. The purse seines are 
used in the harbor of Seattle or in Dwamish Ba3\ Fishing is carried on both day and 
night, according as the tide serves. No attempts are made to fish excepting near the 
time of high water, when the larger catches can be made. 

Salmon canneries. — Each cannery has a small steamer to visit the traps in different 
parts of the Sound, carrying out supplies and bringing back the nightly catch. The 
catch of salmon for 1888 was not large. Up to September 9 the Columbia River Can- 
nery had put up 750 cases; the King County Packing Company, 600 cases; and the 
cannery at Dwamish Head, owned by Mr. George Myers, 1,200 cases. Mr. Myers has 
seven purse seines fishing for him, and has in his employ about forty men, mostly Chi- 
nese. He claims to have facilities for putting up 650 cases of salmon per day, and 
could average 450 cases per day with his present help if fish were sufficiently abun- 
dant. Nearly all the canning is now done under contract with Chinamen, who catch 
the salmon and prepare them ready for shipment at a specified sum per case. The 
price paid under this system during 1888 was 42 cents per case. 

Many improvements have been made in canning machinery, the filling and sealing 
of the cans being now accomplished by means of automatic devices. 

Decrease of salmon. — A Mr. Herrick, formerly connected with a cannery on Colum- 
bia River, but now in the employ of Parker & Felters at Seattle, claims from an expe- 
nence extending over the past twenty years that salmon are rapidly decreasing in 
this region. This decrease is due nbt only to the great annual catch, but also to the 
presence of much floating refuse from the saw-mills of the neighborhood. Mr. Myers, 
of the Dwamish Head Cannery, on the contrary, considers that there has been no gen- 
eral decrease, and that there are no indications of the salmon becoming exterminated, 
as some predict. He has been connected with the fishery in Puget Sound for the past 
twelve years, and states that salmon are as abundant now as at any time in the past. 
They fluctuate in abundance, however, from year to year. 

Size of salmon, etc. — Salmon run much smaller in Puget Sound than in the Colum- 
bia River. Mr. Herrick states that in the former region twelve salmon on an average 
are required to make a case, while in the latti^r three are sufficient for this purpose. A 
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ease of salmon contains forty-eight 1-ponnd cans. The greatest ontpnt for the United 
States in one year has been 1,000,000 cases, or 48,000,000 cans. 

Proposed change in location of canneries. — As thirteen of the Columbia River can- 
neries have been closed during the past year, it is probable that the production for 
this year will fall considerably short of the maximum reached in this fishery. The 
owners of many of the closed canneries talk of establishing themselves in Alaska, 
where the cost of catching and canning the fish will be very much less than on the 
Columbia River, and where their general expenses will be lower. 

The winter fishery. — As soon as the run of salmon is over the fishermen seek other 
employment. Some engage in dogfishing, which begins in November and lasts until 
spring; others fish for cod, smelts, and other small species. Gill nets are used for the 
capture of cod and trawls for dogfish. The trawls are very heavy. The ground lines 
are made of six and nine thread manila, the gangings of 18 to 20 pound line, while the 
hooks are about the same that are used in the Atlantic coast halibut fishery. The 
anchors are exceptionally heavy, some weighing as much as 75 pounds, the average 
weight being about 50 pounds. A few of the fishermen in the Sound realize that 
lighter anchors and smaller gear generally would answer every purpose, and talk of 
adopting the eastern style of trawl, but the majority are prejudiced in favor of their 
present methods. 

POET TOWNSEND. 

Port Townsend has a much finer harbor than Seattle, capable of sheltering a large 
fleet of vessels, and already has excellent wharf privileges, where vessels of deep 
draught can remain afloat at all times of the tide. There are also many places in the 
harbor well adapted to the construction of marine railways. With the development 
of the ocean fisheries on the northwest coast, especially in the event of the completion 
of the railroad to Port Townsend, now under construction, this harbor seems destined 
to become the center of an important industry, as it apparently possesses greater facil- 
ities and offers more inducements to the fishermen than any other place on Pnget 
Sound. 

VICTOBIA, VANCOUVER ISLAND. 

Local fi^h marJcets. — During the brief stay at Esquimalt in July advantage was 
taken of the opportunity to examine the fish markets of Victoria, which is only 3 miles 
away. It was observed that the fish stalls at that place were superior in most respects 
to those of any other city on the Pacific coast, the superiority appearing to be due 
mainly to the manner of handling the fish. The stalls were well supplied with ice 
and the fish looked fresh and wholesome, in marked contrast with the stalls of San 
Francisco, a city vastly larger and with equal resources, so far, at least, as possibilities 
for cleanliness and care in handling the catch are concerned. At this season, and 
again in October, when a second visit was paid to Victoria, there w«s an abundant 
supply of the following local species: Halibut, averaging probably rA) pounds each; 
flounders (Pleuronectes stellatiis); rockfish [Seba^tichthys)^ two species; rork-trout (Hex- 
agrammtis)^ three species; salmon, two species. 

The halibut, flounders, and other marine fishes are caught in the Straiit^ of Fuca, 
the fishermen using trawl lines of the same pattern that are employeti in Paget Sound. 
Neither firesh nor salt codfish were seen in the markets, this specit^ In^ng n^placed 
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by the more abundant and more highly prized salmon. The fishing fleet consists of a 
few small vessels and boats, manned chiefly by Italians and Greeks. 

THE BESHOWE, OB BLACK GOD. 

In October the naturalists had an opportunity of examining some of the so-called 
"black cod," or "beshowe,'' of the Indians, which had been recently landed by the 
fishing schooner Theresa, of Victoria. They were in pickle, and had been split down 
the back in precisely the same manner in which mackerel are dressed on the Atlantic 
coast. It is difficult to explain the reasons for having adopted this method of prepa- 
ration. The labor of caring for a cargo of these fish in such a manner must have been 
very great, as the hard, bony head of the beshowe must interfere greatly with the oper- 
ations of the splitter, which is not the case with the mackerel. This successful trip 
of the Theresa has occasioned renewed interest in this valuable species of food-fish^ 
concerning which so much has been written during recent years, and several of those 
engaged in the fishing business at Victoria think seriously of Immediately fitting out 
vessels for their capture. The Theresa fished in a depth of 210 fathoms, about 5 miles 
ofit' the Queen Charlotte Islands, with a trawl line furnished with two hundred hooks. 
A part of the cargo was purchased from the Indians at the rate of 25 cents per fish. 
The entire fare brought in consisted of nearly three thousand beshowe, many of which 
weighed from 20 to 25 pounds each. 

The Portland Oregonian, in speaking of this trip, says: 

The return of the schooner Theresa from the black-cod banks with a full catch has determined a 
number of others to engage in the fisheries. Epicures pronounce these fish delicious — superior to shad 
and infinitely superior to the tomcod. Consignments will soon be forwarded to eastern markets. 

On the trip above described the Theresa had an Indian crew. She afterwards left 
on a second cruise with Newfoundland fishermen, and better results were expected. 

In 1884 considerable interest was evinced in British Columbia respecting the 
beshowe, and several vessels were fitted out to go north. Little or nothing was accom- 
plished, however, as those who were willing to engage in the business had no capital, 
and those who had did not care to risk it. The great depth at which these fish gen- 
erally live, 150 to 200 fathoms, has undoubtedly had much to do with hindering the 
establishment of this industry, as the northwestern coast fishermen have never been 
obliged to go beyond a depth of 50 fathoms for their cod and halibut, and are totally 
unused to deep-water fishing. 

i8. OFF CAPE FLATTERY. 
SOUNDING, DREDGINa, AND TRIALS FOE FISH. 

The region defined. — Under this title we include the outer coast from Flattery 
Bocks north to latitude 49° K, and the waters lying at the mouth of the straits of 
Fuca. 

Hydrographic worJc. — As the region above defined had already been surveyed to a 
sufficient extent for the puqioses of this preliminary investigation, sounding opera- 
tions were omitted by the steamer Albatross, excepting to the south of Cape Flattery. 
These soundings, however, having reference mainly to supposed off-shore banks, their 
discussion is deferred to the next section. 



60 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

Dredging and fishing trials, — Three dredgings, all with the beam trawl, were 
made in the viciaity of Flattery Eocks, and between there and Gape Flattery. The 
first was at station No. 2866, 19 miles S. 40° W. from Flattery Light-house, 171 fath- 
oms, gray sand ; the second at station 2867, 17 miles S. 23^ W. from Flattery Light, 37 
fathoms, fine sand ; the third at station 2872, 8 miles S. 40^ W. firom the same light- 
I ! boase, 38 fathoms, gray sand. 

Near station 2867 the halibut trawl, baited with salt salmon, was set at 3 p. m. 
and hauled at 5 p. m., securing eight sharks, two dogfish, and one halibut, the latter 
weighing 140 pounds and measuring 5 feet 9 inches in length. A few hand line^ were 
also tried in the same locality, one red rockfish and several dogfish being taken by 
them. A skate of halibut trawl, baited with salt salmon and red rockfish, was also 
set in the position of dredging station 2872, but only two sharks and one star-fish were 
taken on it. In the spring the Indians fish for halibut in this locality, but it is as yet 
impossible to say whether they are sufficiently abundant there to insure good fares to 
the vessel fishermen. 

Three dredging stations were made September 24 on the halibut bank at the month 
of the Straits of Fuca, at distances of 10 to 12 miles northwesterly from Gape Flat- 
tery. These stations are numbered from 2873 to 2875, inclusive. The depths ranged 
from 27 to 40 fathoms, and the bottom was exceedingly variable in character, consist- 
ing in difi'erent places of rocks, shells, mud, and sand. The first trial was made with 
the beam trawl at No. 2873, depth 40 fathoms. The trawl was lowered, but caught at 
once on the rough rocky bottom, and the frame was lost, the wreck of the net coming 
up with the bridle. The tangles were then lowered in 27 fathoms, rocks and shells, 
the result showing a rich fauna, or " live bottom," in the vernacular of the fishermen* 
Another haul with the tangles (No. 2875) was made over the same ground with similar 
results. 

The halibut trawl was set in the same position as the above dredging stations, the 
depth being 40 fathcms, and the bottom rocky. Salt salmon and red rockfish were 
used as bait. It was allowed to remain on the bottom about three hours, and when 
hauled up four halibut, two sharks, four red rockfish, and two star fish were found 
upon the hooka. The average weight of the halibut was 47f pounds; three were 
females and one was a male; they were all white. Gray halibut are seldom found in 
these waters. 

The above operations were on the well-known bank where, in the spring and early 
summer, halibut are found in great numbers, and where the Indians for many years 
have procured their winter supplies. 

September 25 work was continued in nearly the same locality as on the previous 
day. The beam trawl was cast at station No. 2876, 2 or 3 miles northeasterly from 
stations 2873 to 2875, an<i the trawl line, baited with salmon, red rockfish, and fresh 
halibut, was set at the same time. The depth was 59 fathoms, and the bottom con- 
sisted of black sand and mud. The beam trawl dragged but a few yards, when it 
caught on a rocky patch, parted the bridle stops, and came up tail first. It was, how- 
ever, a successful haul, and many specimens were found in the net. The tangles were 
subsequently hauled over the same ground (station 2877) with good results, giving 
evidence of the richness of the bottom. The towing net, which was frequently used 
in this region, however, gave very little evidence of surface life. The halibut trawl 
remained on the bottom three hours, and the catch consisted of two halibut, one red 
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rockfish, and nine dogfish, the average weight of the halibut being 55 pounds. Hali- 
but were taken at every trial made off the Straits of Fuea, and, although there appeared 
to be no large body of these fish on the coast at this season, a vessel could readily have 
picked up a good fare in a comparatively short time. 

On the afternoon of September 25 the trawl line was set and the dredge lowered 
in 66 fathoms, gravel and pebbles (station 2878), S. 48° W., 16 miles from Cape Beale 
Lighthouse, on the southern side of the entrance to Barclay Sound, Vancouver Island. 
The contents of the dredge, consist iug for the most ))art of small mollusks, did not 
bear evidence of a rich bottom. The same bait was used upon the trawl line as in the 
previous trial, and the capture after two hours' time consisted of two beshowe or black 
cod, fifteen dogfish, two common sharks, and two ground sharks, one of the latter 
being hauled on board and photographed. Only a small quantity of surface organisms 
was taken in the tow nets. 

Early on the following day two dredge hauls were made at stations 2879 and 2880, 
27 miles N. 79° W. from Cape Beale, in 34 fathoms, rocky bottom, with about the 
same results as at station 2878, the bottom not being rich so far as the contents of the 
dredge indicated. A trial with the halibut trawl in the same locality, lasting about 
three hours, afforded one halibut weighing 25 pounds, two sharks, and three dogfish. 

At station 2881, in the same neighborhood, but much nearer the coast. Cape Beale 
bearing S. 26^ E., distant 26 miles, the dredge was cast in 24 fathoms, on a rough bot- 
tom, with fine gray sand in places. The results were not favorable to good fishing. 
The trawl line set in the same position took one halibut weighing 15 pounds, five dog- 
fish, one shark, and one skate. The trawl, when it came up, was covered with "slime," 
which was contrary to expectations, as the dredging which preceded it indicated clean 
bottom. The ground probably varies greatly in this region, as in many other fishing 
areas, there being numerous distinct spots where the fish resort to feed and spawn. 

September 27 and 28 were spent in Barclay Sound, and the following day a skate 
of halibut trawl was set in 60 fathoms of water, sandy and rocky bottom, 22 miles S. 
140 E. Irom Cape Beale. The trawl was kept down about two hours, with the result 
of capturing sixteen dogfish, one beshowe or black cod, one cultus cod, and three small 
halibut. This spot would probably be a good one for halibut earlier in the season, 
before the dogfish set in, and is convenient to the Straits of Fuca. It requires exam- 
ination in the spring or winter to determine its merits. 

BARCLAY SOUND, VANCOUVER ISLAND. 

The Albatross anchored September 26 in Barclay Sound, where she was detained 
by fog two days. A cod trawl, baited with halibut and salmon, was set one evening 
in a depth of 17 fathoms, and allowed to remain down over night. On hauling it the 
next morning, twenty-eight dogfish and one red rockfish were found upon the hooks. 
There are not many beaches suitable for seining in this sound, but a few were found 
on which a large variety of shore fishes was obtained. Salmon were seen darting 
about in every direction ; they are said to be very plentiful at the headwaters of the 
sound, where they enter the creeks and inlets to spawn. A few fine large specimens 
were taken by trolling. Marine invertebrates are also very abundant, and many inter- 
esting forms were collected along the shore, among which were several species of star- 
fishes antl fine large specimens of Lunatia Jetcisi and Haliotis kamtschatkensis. 
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The only evidence of civilization abont the sound was the light-house on Oape 
Beale, the Indian villages being mostly abandooed, and the occupants gone to the 
salmon canneries in the iuterior. Several canoe-loads were seen passing, a few came 
alongside, and occasionally one was seen trolling for salmon. 

GENERAL RESULTS OF TRIALS FOR FISH ON THIS OOAST* 

After the numerous trials made for halibut on this part of the coast, both with 
trawl lines and hand lines, It became evident that sharks and dogfish had taken pos- 
session of the fishing banks at this season to the exclusion of food-fishes, while in the 
spring and early summer, when halibut are abuudaut, only a few of these pests are 
found. There has been no fall fishing heretofore, and consequently it is not known 
when the sharks and dogfish leave the grounds, and the halibut and other food-fishes 
return to them. 

SEALING AND HALIBUT TRIPS BY GLOUCESTER VESSELS OFF CAPE FLATTERY, ETC. 

The halibut fishery of the northwestern coast is destined to become an important 
Industry. Until a year ago halibut were taken in this region only in small quan- 
tities to supply the local markets, and the fishery was carried on exclusively with 
open boats. Within the past year two or three large vessels from the Gloucester 
fishing fleet have obtained successful fares upon the Pacific grounds off Gape Flat- 
tery, shipping large cargoes of fresh fish by railroad to the markets of the Eastern 
States. With proper management this industry might have a rapid growth. 

Halibut grounds. — The nearest bank to Puget Sound, where halibut are abundant, 
is located off Oape Flattery at the mouth of the Straits of Fuca, and extends from 
close in shore to some 12 or 15 miles off the cape, in depths of water ranging from % 
to 75 fathoms. From early in the spring until the middle of June halibut can be 
obtained on these grounds in paying quantities, but later in the season dogfish and 
sharks strike in, driving nearly all the edible fish away. During the summer more 
northern localities would have to be resorted to. This information is based upon the 
statements of Capt. Silas Oalder, commanding the schooner Mollie Adams, and at the 
time this region was examined by the Albatross, the dogfish were found in full pos- 
session of all the important grounds. 

A sealing voyage. ^ShoTtij after her arrival in Puget Sound, the MolHe Adams was 
fitted out for a sealing voyage. She carried twelve sealing boats and a crew of twenty- 
six men, composed of fishermen from Gloucester, and sealers from Newfoundland. 
The boats were built by Higgins & Giffbrd, of Gloucester, Mass. Seven hundred seals 
were captured during the trip, the most of them having been obtained in the vicinity 
of Oape Flattery. Some bad weather was experienced, and on several occasions the 
water was so rough that other sealers (from San Francisco) cruising in the same 
vicinity did not venture to lower their boats. Not a day was lost, however, by the 
Mollie Adams, whose sailors were accustomed to the greater hardships of the North 
Atlantic. The next highest fare taken by other vessels during the same i>eriod 
amounted to two hundred and fifty seals. 

Fresh halibut trips.^Aftev disposing of her cargo of seals, the Jfo/ZiV Adams at 
once refitted for the fresh-halibut fishery, and made four trips in quick suoivssiou, 
landing 145.,000 pounds of halibut, the stock of which amounted to ♦a,(HH>, the cn^w 
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sharing $75 each. The expenses of the trips were high, however, $15 per ton being 
paid for ice on the first one, although on a subsequent trip it was obtained at $8 per 
ton, which was considered very low by the dealers. The high price demanded for ice 
is one of the chief obstacles to the development of the fresh-halibnt business on the 
Pacific coast. Could this necessary article be obtained at reasonable figures, the 
western fishermen would stand a better chance of competiug successfully with the 
eastern markets in supplying the fresh trade. 

The Mollie Adams landed her cargo at Seattle. A fare of 50,000 pounds of fresh 
halibut was recently taken to Tacoma, Wash., by the schooner Oscar and MattiCj this 
being the first cargo landed and shipped from that port. The fish were taken in the 
vicinity of Cape Flattery. Little or nothing was realized from the trip. The ice cost 
$22.50 per ton, and high rates across the continent were charged by the Northern 
Pacific Eailroad Company, over whose road the shipment was made. After dis- 
charging her cargo, the Oscar and HatUe proceeded to Port Townsend, where prepara- 
tions were made for a second trip. An agreement was entered into with a firm at 
Vancouver to furnish the ice at $10 per ton, but three weeks passed without receiving 
any, and the schooner was forced to go north in the hope of obtaining a supply from 
the glaciers in southeastern Alaska. 

Capt. S. Jacobs and others interested in the fishery are seriously considering the 
expediency of building ice-houses at Seattle, and making the attempt to cut ice for 
their own use the coming winter. It is stated that ice 6 inches thick was cut in the 
vicinity of Seattle during the winter of 1887-'88. If this fact is true, however, it was 
an exceptional season, as many of the old residents in the region claim that the 
weather is never cold enough there to make ice over 3 inches thick. Should the 
eflfort to obtain the ice in Puget Sound prove unsuccessful, it is thought to be feasible 
to make use of large scows in bringing down supplies from the glacier region of Alaska* 
The expense of obtaining the ice by this method, including the cost of building and 
towing the scows and of cutting the ice, it is considered will be much less than by the 
present one. 

A FLETCHED-HALIBUT TRIP. 

July 24 the schooner Mollie Adams left Seattle, bound north on a fletched-hali- 
bnt trip, the first one of its kind that had been undertaken on the Pacific coast. But 
few halibut were captured until the schooner arrived off the southern extremity of the 
Queen Charlotte Islands, where they were found in great abundance and of larger size 
than on the grounds off Cape Flattery. A few of those taken were estimated to weigh 
over 300 pounds each. About half of the number obtained were large enough for 
fletching, the remainder being used as bait or thrown away. The trawls were not 
left down over night, the fish biting so rapidly that all the available time was occu- 
pied in caring for the day's catch. Only on A cod was caught during the trip. Dog- 
fish were numerous, but did not seem to interfere with the halibut taking the bait, 
as is the case at this season farther south. 

The fishing was carried on in depths of only 30 to 45 fathoms, so that the use of 
hurdy-gurdies was not resorted to. Halibut fishing in this region is very much easier 
than on the Grand Bank. Operations were continued without intermission until 
August 26, when a severe gale of wind sprang up from the southeast, lasting two days. 
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The heavy sea prodaced by the storm caused the Adams to drag her anchor several 
times, but she ilDally '< brought up" aud rode out the gale without sustaining any dam- 
age or loss. This was the first time that this vessel had been tested at her anchor in 
a heavy sea, and her sea going qualities were thoroughly established. From the expe- 
rience of the Adams it is probable that fishing vessels would have no difficulty in 
making two or more fletched trips for halibut each season to the neighborhood of the 
Queen Charlotte Islands. Such trips made to Greenland and Iceland consume an 
entire season, and to this extent the fishermen of the western coast have an advan- 
tage over those of the eastern coast. 

On the morning of September 8, the Adams having *< wet" all her salt, started for 
home with 150,000 pounds of fish. Light winds prevailed during the passage of eight 
days to Seattle. Previous to the return of the AdamSj her owner. Captain Jacobs, had 
negotiated with the Northern Pacific Bailroad Company to transport her cargo across 
the continent to Gloucester, Mass., at the rate of $1.25 per hundredweight. Immedi- 
ately upon her arrival the rate was increased to $1.40 per hundredweight, which 
rendered it very doubtful if anything could be realized upon the trip ; but the com- 
pany was finally prevailed upon to return to its earlier figure, and the shipment was 
accordingly made. The cost of discharging, packing, and shipping the cargo amounted 
to $1,950. After deducting expenses the members of the crew received $175 each, or 
at the rate of $9 a day for nineteen days' fishing. 

Captain Jacobs is considering the expediency of converting the Mollie Adams into 
a steamer. Shorter passages to and from the grounds could be made under steam, 
especially during the summer when calms aud light variable winds prevail in this 
region. The amount of time that could be saved in that way would amply repay the 
cost of altering the vessel. 

X9. CAPE FLATTERY TO SHOALWATER BAY, WASHINGTON TERRITORY. 

EXPLORATIONS. 

Hydrographic work. — Sounding operations were commenced off Cape Flattery, 
September 19, and were continued down the coast as far as Shoalwater Bay until 
September 23. They were again taken up in the neighborhood of Shoalwater Bay, 
October 11, and continued to the region off the Columbia Riv^er until October 13. 
Dredgings and trials for fish were made at intervals during the same periods, as 
explained below. 

On the morning of September 19, the Albatross began a line of soundings in 82 
fathoms, 10 miles S. 68^ W. from Cape Flattery Light. It was extended 65 miles 
S. 6^o W., sounding at intervals of 5 miles to develop banks reported to exist 60 and 
75 miles from the cape. The depths were irregular for 30 miles, then increased uni- 
formly to 768 fathoms at the former, and 1,230 fathoms at the latter position. The 
reports of these banks were given by shipmasters, who said they had sounded upon 
them and knew that they were there. They no doubt found bottom in CO or 70 fathoms, 
as reported, but they were 15 or 20 miles out in their reckoning. A severe storm 
which began in the morning prevented further work during that day alter the line 
had been completed at 4 p. m. The next morning dredging stations Nos. 2866 and 
2867 were made off Flattery Eocks as described in the preceding section, and in the 
afternoon a second line of soundings was begun at a point 19 miles S. 34^ W. finom 
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Flattery Light, and carried seaward 30 miles in a line parallel to that of the previous 
day, the outermost soanding being in 378 fathoms. 

Subsequently four other regular lines were run farther south, in about the same 
direction, or practically at right angles to the e-oast line and at distances apartof about 
16 miles, these lines being connected by intermediate soundings alternately at their 
outer and inner ends. They extended outward from depths of 28 to 31 fathoms near 
the coast into depths of 287 to 758 fathoms, the last line terminating in the latitude 
of Gray's Harbor, about 47^ N. The bottom in this region was mainly gray sand, 
excepting in the deeper areas off shore where mud and ooze predominated. Bocky 
patches alternated with fine gray sand and mud on the last line, denoting a marked 
change from the uniform gray sand found thus far south of Cape Flattery. A report, 
of Indian origin, placed a bank 30 miles west (magnetic) from Shoalwater Bay. The 
change in the character of the bottom led to the belief that the report might be correct, 
and a careful examination of the region resulted in the development of a bank about 
20 miles in length, southwest and northeast (magnetic), and 12 miles in extreme width, 
its eastern extremity, on which there is 42 fathoms, rocky bottom, lies 15 miles south- 
west (magnetic) from Point Ghehalis, on the southern side of the entrance to Gray's 
Harbor. The soundings are quite regular, but the bottom alternates in character 
between rocks, gray sand, and mud. The dredgings and trials for fish on this bank 
proved more successful than any previously made south of Cape Flattery, as explained 
below. There is little doubt that at the proper season good fishing would be found 
in this locality. 

Dredgings and triaU for fish. — The beam trawl was used at station 2868, off Cape 
Johnson, and station 2869, off Destruction Island, in depths of 31 and 32 fathoms, 
respectively, the bottom consisting of sand. At the former station tomcod, floun- 
ders, and one beshowe were taken in the beam trawl, but otherwise very little material 
was obtained. At the latter the bottom was composed of fine gray sand, perfe^^tly 
clean, without adhering growths of any kind. A skate of halibut trawl, baited with 
salt salmon and clams, was set at station 2868. But few baits were disturbed and 
fish appeared to be scarce, only two red rockfish, three dogfish, and one skate being 
captured. Trial lines were also put over the side of the steamer at this place, but 
without result. 

The beam trawl was next used at station 2870, on the southern edge of the bank 
off Gray's Harbor described above. The depth was 68 fathoms, the bottom rocky, 
and very rich in the lower forms of life serving as food for fishes. The halibut trawl, 
set for four hours at the same position, took ten red rockfish, two beshowe, and four 
sharks. Three red rockfish were also caught with hand lines from the ship at the 
same time. This species seemed to be fairly abundant, but it is not much in demand 
as a market fish. Hand lines were subsequently tried for fifteen minutes about 10^ 
miles off Shoalwater Light, but no fish were secured. 

Station 2871, with the beam trawl, was about 45 miles off the entrance to Oray's 
Harbor, in a depth of 559 fathoms, brown ooze. Many deep-water forms were obtained 
at this place. 

Bull. XJ. S. F. C, 88 5 
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PBOSPEOTS OP A HALIBUT FISHERY SOUTH OP OAPE FLATTERY. 

In a conference with Captain Tanner, Judge James O. Swan, of Port Townsend, 
stated that his knowledge of the Indian tribes and their habits has led him to believe 
that halibut will not be found in paying quantities south of Cape Flattery, it was, he 
said, a time-honored custom for the tribes living as far south as Flattery Bocks to go 
to Cape Flattery every spring for their winter's supply of halibut, which were taken 
on the well-known bank, from 9 to 12 miles west-northwest (magnetic) from Tatoosh 
Island. 

Halibut have seldom been taken south of Cape Flattery, and never, to his knowl- 
edge, south of Flattery Eocks. They form no part of the winter's food of the tribes 
inhabiting that part of the coast, rock cod, surf smelt, tomcod, salmon, etc., consti- 
tuting the staple supply. He thinks if halibut existed near the shore the Indians 
would have known it, and, like the tribes further uorth, have taken them for winter's 
use. He predicted that the Albatross would find a clean sand bottom, with very little 
life, between Cape Flattery and Gray's Harbor. 

Judge Swan has lived for many years on different parts of the coast between Oray's 
Harbor and Neeah Bay, and having paid close attention to the subject his opinions 
are worthy of every consideration. While a few halibut were subsequently taken by 
the Albatross south of Cape Flattery, as mentioned elsewhere, there are no indications 
that they occur in quantities sufficient to pay lor their exclusive capture. 

ao. SHOALWATER BAY, WASHINGTON TERRITORY, TO TILLAMOOK ROCK, 

OREGON. 

EXPLORATIONS. 

Hydrographic work. — The Albatross returned to the neighborhood of Shoalwater 
Bay October 11, and began sounding in 20 fathoms 10^ miles S. 32^ W. from the light- 
house at the entrance to that bay. From this point a line was run S. 78° W. 20 miles, 
sounding in 38, 51, 153, and 432 fathoms; S. 68^ £., 15 miles, in 98, 55, and 40 fathoms ; 
S. 78^ W. 15 miles, in 60, 78, and 260 fathoms. The last line was only a short distance 
north of the latitude of the entrance to Columbia Eiver. 

Stormy weather interrupted operations during the 12th, but on the 13th thjree 
nearly parallel lines of soundings, at right angles to the coast, were made in the region 
off the mouth of the Columbia Eiver between the latitudes of Cape Disappointment and 
Tillamook Bock. The northern line began 12 J miles N. 78^ W. of Cape Disappointment 
in 81 fathoms, and extended 20 miles S. 78^ W., with soundings in 231, 421, 475, and 
506 fathoms ; the southern began at a point 16^ miles N. 64^ W. from Tillamook Light, 
and extended 15 miles S. 72^ W., with soundings in 73, 82, 96, and 199 fathoms. By 
reference to the chart of this region it will be observed that the soundings on the 
former line show de))ths two or three times greater than those in similar positions on 
adjacent lines 7 or 8 miles distant, both to the north and south. The great sub- 
marine trough thus indicated is probably the ancient bed of the Columbia Biver. 

Dredgings and trials for fish, — At station 2882, about 27 miles directly off the 
mouth of the Columbia River, a cast of the beam trawl was made and the trawl line 
was set in a depth of 6S fathoms, gray sandy bottom. On the latter only one beshowe 
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or black cod, and four dogfish were taken. In most of the soundings made in this 
region the character of the bottom was foand to be unsuitable for cod or halibut, or 
such, at least, as they usually inhabit. 

Supposed fishing grounds off the Columbia River. — At Astoria there is a general 
belief in the existence of fishing banks 50 to 60 miles off the mouth of the Oolumbia 
Biver, but its origin could not be traced. Heceta Bank lies off the coast in latitude 
440 N., longitude 124° 50' W., and may possibly have had something to do with it. 
The explorations of the steamer Albatross developed over 600 fathoms in the locality 
where the banks were supposed to lie ; but they may be found farther south, as the 
region between the Columbia Biver and Heceta Bank is still unexplored. 

TillamooJc Rock. — A cod and a halibut trawl were set off the northern side of the 
island, the former being placed near the can buoy off its northern end. The inner 
trawl buoy was dropped in about 18 fathoms, the outer in about 25 fathoms, the bottom 
being rocky. There was a southerly current running at the time, but it was not strong. 
After the trawls had been set, the men remaining by them, the ship proceeded off the 
southwestern side of the rock, where three casts were made with the dredge, at stations 
2883, 2884, and 2885, depths 29 to 30 fathoms, bottom gray sand. Subsequently the 
trawl lines were hauled, with the result of obtaining seven dogfish and about a dozen 
star fish. 

In the locality where this set was made it has been stated that the Indians obtain 
large quantities of halibut. At Astoria, however, it was said that the fish taken off 
Tillamook Bock were not the halibut, but the so called turbot (Atherestes stomias). 
Judge Swan is of the opinion that a few halibut may have been taken there, but that 
the common flatfish of the region is the species of Atherestes above mentioned. It is 
customary for the fishermen of the Pacific coast to speak of all large edible species of 
flounders as halibut. Captain Bicbardson, of the lighthouiie steamer Manzanita^ 
reports having taken red rock cod (called red groupers in Astoria) in great numbers, 
and an occasional halibut, in this region. The indications are that good fishing may 
be found in this neighborhood at the proper season. 

ASTORIA, OREGON. 

Fresh marJcets. — ^The fish exposed for sale in the markets of Astoria during the brief 
visit made to that place, October 14 to 18, were chiefiy salmon, flounders, and tomcod. 
The last-named species was very abtlndant about the wharves, where they were being 
taken in large quantities by many men and boys fishing with hook and line. 

Bait — Much difficulty was found in procuring bait at this place for the remainder 
of the cruise. Two days were spent in a search for clams and salmon, which were 
considered to form the best bait for cod and halibut. Clams are sometimes brought 
to Astoria from Shoalwater Bay by the Indians, but with no regularity, and none 
were obtained by the Albatross. A small lot of salt salmon was all that could be pur- 
chased. Tomcod were not regarded as of sufficient value for this purpose to lay in a 
supply. 

Attempted sea fi^lieries. — Sea fisheries off the Columbia Biver were commenced a few 
years ago with a small schooner, which operated a 40-foot beam trawl, over the ground 
between Cape Disappointment and Sboal water Bay. This vessel being found unsuited 
for the purpose, the steamer Dolphin was built, and made forty trips between April 
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and October, 1887, but she also proved a failure. Her catch was fairly good, and had 
she been able to market her fish promptly the venture would have tamed out profit- 
ably. The different fish taken by the Dolphin were classified as follows, namely : Sole, 
flounders, hitke, cod, rock cod, and halibut; very few cod and halibut were obtained, 
but sole predominated, although, at times, rock cod were abundant. Grabs and a few 
large clams were also included in her capture. 

Fishing vessels. — The fisheries of Astoria are chiefly confined to the captnre of 
salmon. Several attempts have been made to establish other kiuds of fisheries, but 
without success. The priucipal cause of these repeated failures has undoubtedly been 
the unseaworthiness of the boats and vessels fitted out to engage in fishing off the 
coasts of Oregon and Washington Territory, where gales of wind frequently occur 
during both summer and winter. This coast, south of the Straits of Fuca, also has 
very few harbors, which are indispensable to a fishing fleet in time of storms, especially 
when the fishing grounds are so near the land as to leave but little sea room to leeward, 
with the wind blowing on the shore. The class of vessels that resort to George's and 
the Orand Bank could easily work off' shore in an ordinary gale of wind, but there 
are times when even such staunch crafts as these would find the task difficult, if not 
impossible. The introduction of a better class of sea-going boats would, however, 
greatly lessen the dangers which now exist. 

Salmon canneries. — The salmon canneries were closed at the time of the visit of the 
Albatross, and no particulars of their operations during the previous season could be 
obtained. 

Chill nets. — Salmon are caught in the Columbia River principally in gill nets, 
although a few are taken by means of drag seines and traps. The gill nets measure from 
250 to 300 fathoms in length, from 36 to 45 feet in depth, and have a mesh of 8^ and 9 
inches. Their cost is from $300 to $400. All of the nets were formerly knit by the 
fishermen during the winter months, but many of them are now obtained from east- 
ern manufacturers. 

Boats, —The boats from which the gill nets are set and hauled are 28 to 35 feet long, 
7 to 10 feet wide, and 2^ feet deep. Two men generally go in each boat, but some- 
times three, dependent upon the abundance of salmon. Most of the boats are carvel- 
built, but a few are clinker. Their cost, fully rigged for work, is about $200. They are 
all furnished with center- boards, and have but little dead rise.. The customary rig is 
that of a sloop, but a few are cat-rigged. A wash-rail runs fore and aft, about 1 foot 
inboard. This, together with the short deck forward, through which the mast is 
stepped, is all there is to prevent a sea from boarding them. Both fore and aft of the 
center-board casing there is a bulkhead running athwartships. The intervening space 
is covered with boards, and forms the hold, into which the fish are thrown as they are 
released from the net. In their general shape these boats resemble the so-called 
"carry-away boats'' used in the early days of the menhaden fishery on the New Eng- 
land coast. The accommodations for living in these Columbia Eiver boats are 
wretched ; but the men sleep and eat upon them, taking their rest at night in the 
bottom of the boat, where there is barely room for one man to lie, even in a cramped 
position. The mode of living of these men is similar to that of the French boat fish- 
ermen in the Gulf of St. Lawrence; but it contrasts strangely with the condition of 
affairs existing on the typical New England fishing vessel. 
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About thirteen hundred fishing boats are employed upon the Columbia River dur- 
ing the salmon season, which continues from the first of April to the first of July. No 
fishing is permitted in the river after July. The majority of the boats and nets are 
owned by the canneries, but a few belong to the fishermen. 

Prices paid for salmon. — ^The fishermen have a well organized society, in which 
the price of salmon is agreed upon before beginning the season's work. To those who 
own their boats and nets a higher price is paid than to those who use the gear belong- 
ing to the canneries. In 1888 the price stipulated was $1 apiece for salmon caught 
by the cannery boats, and $1.25 eaeh for those taken in the boats of the fishermen. 
The high prices demanded for salmon have caused ma.ny to withdraw from the busi- 
ness in this region, and some of them talk seriously of establishing canneries in Alaska. 

21. HECETA BANK. 

Hydrographic work. — October 19, lines of soundings were run across Heceta Bank 
to the westward, to the southward, and then to the southward and eastward, defining 
its extent. It was not fully developed, but from present knowledge it may be said to 
be about 20 miles in length and 10 miles in width, its center lying' in latitude 44° 04' 
N., longitude 124° 53' W. It has a rocky bottom, alternating with patches of clay 
and pebbles, and presents every requisite for an excellent fishing bank, which it will 
undoubtedly prove to be at the proper season of the year. 

Dredging and trials for fish. — At 7.30 a. m., the dinghy left the ship with a skate of 
halibut trawl and a tub of cod trawl, baited with salmon and herring. A set was made 
in a depth of 50 fathoms as soon as the boat was well clear of the ship, which imme- 
diately began dredging at station 2886, latitude 43° 69' N., longitude 124o 66' 30" W. 
At the end of an hour and a half the trawls were taken up with the following catch: 
one halibut weighing 10^ pounds, one beshowe or black cod, one shark, and one dog- 
fish. Four dredging stations (2880 to 2889) were made, all being within about a mile 
of the position given above, one with the dredge, the remainder with the beam trawls, 
which, on two occasions, were wrecked on the rocky bottom. The depths covered by 
the dredging ranged from 41 to 50 fathoms, the bottom consisting of rocks, pebbles, 
Ahells, etc. The bottom was rich in life and many interesting forms were taken, includ- 
ing several species of corals. This locality was by far the most promising of any 
that had been examined south of Cape Flattery. A specimen of halibut was capt- 
ured, proving that the species occurs in this region, where it may be abundant in the 
proper season, but further investigations are necessary to prove this fact conclusively. 
The amount and character of the lower forms of life brought up in the dredge and 
beam trawl recalled the fauna of some of the^eastern halibut grounds. 

Just south of Heceta Bank, in latitude 43° IG' N., longitude 124o 57' W ., the beam 
trawl was used in a depth of 277 fathoms, bottom gray sand, with the result of obtain- 
ing many deep-water forms, including Macrurus^ Sehastes^ Nemichthys, etc., among 
fishes ; Lithodes, Munida, and shrimps among crustaceans, and large quantities of Sohi- 
zoster^ ophiurans, etc., among echinoderma. 
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32. Bwtrd of ki/droffraphie somtdingi of the U. S. Fish Commiiaian iteamer Albatron, etc. — Continned. 
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13. Rtcord of dredging and traioUiig itaiionii of tke U. 8. Fish Commitsion ateatMT AlbatrOM, eta. — ContM. 
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24, Tabular statement of triale made for fisK 



Station 
No. 



Hyd. 
1141 
1142 
1143 
1145 
1166 
Dredging. 

2844 
2845 
2846 
Byd. 
1213 
1227 



1239 
1258 
1286 
1286 
1317 
1843 
1850 
1892 



1421 
Dredaing. 

Hyd. 
1486 

Dredging. 
2867 
2868 
2870 
2872 
2873 



2876 
2878 

2879 
2881 



Hyd. 
1677 
Dredging. 
2^ 
2883 
2886 



Date. 



1888. 

July 21 

. . .do ... 

. . . do ... 

...do .... 

Jnly 22 

July 28 

...do ... 

July 29 

Jaly 30 

...do 

July 31 

Aug. 2 

Ang. 

Aug. 

Ang. 
. . .do 

Ang. 

Aug. 
. . do . . . 

Aug. 13 

Ang. 18 

Ang. 22 

. . . do . . . . 

Ang. 23 
Aug. 26 

Sept 20 
Sept. 21 
Sept. 23 
Sept. 24 
...uo — 

...do 

Sept. 25 
...do 

Sept. 26 

...uo — 

Sept. 28 



Oct 11 

Oct 13 

Oct 18 

Oct 19 



Hour. 



3. 00 p. m. 
4. 07 p. m. 
5. 07 p. m. 
6. 40 p. m. 

6. 39 p. m. 

12. 38 p. m. 

2. 40 p. m. 
7. 55 a. m. 
7. 00 a. m. 

12. 42 p. m. 
6.20 a. m. 



4. 45 p. m. 
2. 05 p. m. 
7. 15 a. m. 
6. 50 ]>. m. 
6. 25 a. m. 
5. 10 a. ni. 
11. 21 a. m. 
9. 07 a. m. 



Locality. 



0. 18 a. m. 

6. 31 p. m. 

9. 43 a. m. 
1.00 p.m. 

3. 00 p. m. 
10. 00 a. m. 

6. 30 a. m. 

7. 30 a. m. 
12. 30 p. m. 
Over niirht 
10. 15 a. m . 

3. 00 p. m. 

5. 30 a. m. 

II. 15 a. m. 

Over night. 

7. 00 p. m. 

3. 45 p. m. 

3. 30 p. m. 
3. 00 p. m. 
7. 39 a. m. 



Latitude 

N. 



O I II 

53 11 00 
53 17 00 
53 22 00 

53 19 00 

54 00 00 

53 56 00 

53 56 00 

54 05 00 
54 08 00 

54 12 00 

54 56 00 

Eagle 

54 23 00 

55 02 00 
54 55 00 

54 42 00 

55 26 00 

55 49 00 

56 07 00 

57 16 00 

St 
67 67 00 

58 05 00 



Longitude 



O I II 

166 51 00 
166 54 00 
166 55 30 
166 60 00 
163 45 00 



165 56 00 
165 40 00 
164 09 00 
162 44 00 

162 17 00 

160 33 00 
[ iarbor. 

161 56 00 
159 41 00 

158 46 00 

159 24 00 
157 28 00 
155 20 00 
154 38 00 
152 22 00 

Paul. 

151 08 00 

150 46 00 



68 23 00 150 32 00 
Middleton Island. 

48 07 00 124 55 00 

47 52 00 124 44 00 
46 44 00 124 32 00 

48 17 00 124 52 00 
48 30 00 124 57 00 

NooahlBay. 
48 33 00 124 55 00 
48 37 00 ; 126 32 00 

48 53 00 ' 125 53 00 

49 00 00 ' 125 48 00 
Barclay Sonod. 



46 34 00 



124 12 00 



46 09 00 124 22 00 
Tillamook Rock. 



Depth 

of 
water. 



Fath. 
84 
57* 
41 
554 
45 

45 
64 
42 
U 

47 
52 



34 
37 
46 
86 
47 
27 
37 
39 
13 
36 

51 

37 



37 
31 
58 
38 
40 
20 
60 
66 

34 
24 



20 



43 59 00 



124 56 30 



68 
25 to 18 
50 



Character of bottom. 



bk. S. Peb. 
S. bk. Sp.. 
S. bk.Sp .. 
bk.S. Peb. 
fne.gy.S.. 



bk. S. Peb 
gy.S 

crs. bk. S . . 
Gravel — 



bk.8.fne.G 

gray 8 

soft Mud 

Pebbles 

gy. S. and brk. Sh 

gy. S. and brk. Sh 

Rocky .•. 

green M 

gy.S. brk. Sh 

K'.s. g'!."'!!!'.'!!!''! 

Mussels and kelp 

brk. Sh. and G 



grays 



brk. Sh 

Rocks and kelp 



focey. S 

gy.S 

Rocky 

gy. f^ 

Kocky 

Rocky 

blk.S.audM. 
Peb 



Rocky 

gy.S 

Rocks and slime 



gy. 8.. 

g.v. S.. 
Rocky 
Rocky 



Bait used. 



Salt clams 

do... 

do... 

do... 

do... 



Clams ; salmon 

do 

do 

do 



do 



Clams; salmon; scnlpins. 

Clams; salmon 

do 

do 

Pollock; salmon...* 

Salmon; pollock 

do 

Pollock; cod 

Walrus; cod 

Salmon 

Cod; salmon 

Salmon 



do 

do 
.do 



do 

Salmon; clams 

do 

Salmon ; clams ; red rookflsh . . 

Salmon; rod rockflsh 

Salmon; halibut 

do 



Salmon; halibut; red rockflsh. 



do 

do 

Salmon ; halibut. 



Salmon 



do 

Salmon ; herring. 
do 
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34. Tdbul^ir statement of trials made for fish. 



No. 
lines 
nseU. 



1 
2 
5 
8 
8 



1 
6 
6 

7 



(t) 



9 
9 



Len^h 
of trial. 



Minutes. 
29 
23 
18 
15 
62 

20 
17 
20 
15 




Fiflh token. 



2cod 

3cod 

4 cod 

13 cod; 1 
21 cod; 1 



balibat 
balibat. 



2 flonnders 



None 

2 cod: 1 flounder; 3 balibat 

25 cod 

10 cod; 2 halibnt 



6 cod; 1 halibut 

9cod; 3 fioanders 

6cod; 3halibut 

2 cod ; 5 balibat 

Ibalibut 

1 balibot ; 3 Rculpins 

8 cod ; 3 halibut ; 3 sculpins 

None 

15 cod 

47 cod 

69cod 

2cod: 



1 halibut; 2 salmon. 



18 30 cod; 1 halibut 
2 cod; 4 flounders. 



3 cod 

2 halibut 



Cod. 



Sexes. 



1 
2 

1 

7 
8 



9 
1 

1 

3 

6 
13 



1 halibnt; 8 sharks: 3 do^sb 

1 skate; 3 dof^tisb ; 2 red rockflsh 

10 red rockflsh; 2 black cod ; 4 sharks 

28hark8; 1 star fish 

4 halibut; 4 red rockflsh; 1 shark 

21 dogfish; 2 skates 

2balibut; 1 red rockflsh : 9 dogfish 

3 black cod ; 2 ground sharks ; 2 common sharks; 15 
dogfish. 

I halibut ; 2 sharks ; 3 dogfish 

1 halibut ; 5 dogfish : 1 shark ; 1 skate 

1 redrockfish; 28 dogfish 



12 None. 



1 black cod; 4 dogfish 

7 dogfish 

1 halibnt ; 1 shark ; 1 black cod ; 1 dogflsb 



2 

11 

4 

1 
3 
2 
I 



14 
6 

5 
6 
4 
1 



Average 
weight. 



Poundt. 

"I 
8 

10 



Hi 



i3 

11 

8* 



Average 
length. 



Inches. 
21 
27 
28| 



i 



10 
20 
25 
1 
18 

1 

3 



5 

27 
44 

1 
12 



8 



9i 
10 

12 

10 

H 
H 



24 
28 
23| 

25 
80 
26} 
23| 



Halibut 



Sexes. 



d 9 



1 
1 



1 
i' 
1 



26| 
231* 



2 



29| 
27 



2 

*i 



8 
2 



1 
1 



1 
1 



3 

i 



1 

1 



Average 
weight. 



Pounds. 



* 1 trawl (500) hooks. 
1 1 trawl (400) hooks. 



X 1 trawl line. 
§Cod trawL 



11 Cod Mid halibut trawL 



'3 



20 

IH 

30 

4 
5 

181 



22 
10 



53 
140 



471 
"55' 



25 
15 



104 



80 
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25. Record of temperatures and water densities by the steamer Albatross, July 1 to December 31, 1888. 



Date. 



188a 

Jaly 4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

9 

11 

11 

11 

12 

12 

13 

13 

18 

14 

14 

14 

14 

15 

15 

15 

16 

16 

16 

16 

16 

17 

17 

17 

17 

18 

18 

18 

18 

10 

19 

19 

19 

20 

20 

20 

20 

21 

21 

21 

22 

22 

22 

22 

23 

23 

23 

28 

28 

28 

20 

29 

29 

29 

80 



Time of 
day. 



12 m.. 
6 p.m. 
12 p.m. 
6 a. m. 
12m.. 
6 p. m. 
12 )>. m 
6 a. m. 
12 m .. 
6p.m. 
12 p. m 
6 a.m. 
12 m.. 
6 p. m 
12 p. m 
6 a.m. 
12 m.. 
6 p.m. 
6p. m . 
4 p.m. 
6p.m 
12 p. m 
12m.. 
6 p.m.. 
12 m... 
6 p. m . 
12 p. m 
6a.m. 
12 m... 
6 p.m.. 
12 p. m 
6 a. m . 
12 m.. 
6p.m. 
12 p. m 
6 a. m . 
12m.. 
6 p. m. 
12 p. m 
6 a.m. 
I2m .. 
6 p.m. 
12 p. m 
6 a.m. 
12m.. 
6p.m. 
12 p. m 
6 a.m. 
12 m... 
6 p. m 
12 p. m 
6 a.m 
12 m.. 
6p.m. 
12 p. m 
12 m .. 
6 p.m. 
12 p. m 
6 a.m 
12 m .. 
6p. m . 
12 p. m 
6 a.m. 
12 m .. 
6 p.m. 
12m.. 
6 p. \\\ . 
12 p. ni 
6 a. Ill . 
12 m . 
6 p.m. 
12 p. m 
6 a.111. 



Latitude 
north. 



// 



Lonjritode 
west. 



// 



Off Ballenas Point. 



38 26 00 

39 04 00 

39 42 00 

40 21 00 

40 58 00 

41 35 00 

42 12 00 

42 50 00 

43 23 00 

43 56 00 

44 29 00 

45 04 00 

45 50 00 

46 36 UO 

47 22 00 

48 09 00 



123 00 00 

123 31 00 

124 01 00 
124 29 00 
124 32 30 
124 36 00 
124 39 30 
124 43 00 
124 34 00 
124 23 00 
124 15 00 
124 04 00 
124 16 00 
124 28 00 
124 40 00 
124 51 00 



Victoria, BritiBh Columbia. 
Gulf Georgia. 
Depart a re Bay. 
Off Departure Bay. 

Tribune Bay. 

Johnston's Strait. 

Off Beaver Harbor. 

Beaver Harbor. 

Off Cape Soott. 



50 5rt 00 

51 05 00 
51 14 00 
51 29 00 
51 44 00 

51 69 00 

52 15 00 
52 18 00 
52 23 00 
52 29 00 
52 35 00 
62 37 00 
52 34 00 
52 36 00 
52 35 00 
52 26 00 
52 17 00 
52 08 00 

51 58 00 

52 04 00 
52 10 00 
52 15 00 
52 11 00 
52 13 00 
52 11 00 
52 15 00 

62 25 00 
52 18 00 
52 20 00 

52 50 00 

63 10 00 

53 16 00 
53 39 00 

53 40 00 

54 00 00 
54 13 00 
54 22 00 
54 10 00 

UnalaHhka 
53 56 00 
53 55 00 

53 55 00 

54 02 30 
54 11 00 
54 22 00 
54 18 00 
54 09 00 



129 40 00 

131 02 00 

132 30 UO 

133 40 00 

134 50 00 

136 00 00 

137 13 30 

138 33 00 

139 43 00 

141 03 00 

142 34 00 

143 44 00 

144 54 00 

146 04 00 

147 35 00 

148 29 00 

149 43 00 

150 57 00 

152 12 00 

153 35 00 

154 58 00 

156 37 00 

157 44 00 

158 58 00 

160 12 00 

161 40 30 

162 40 00 

163 54 00 

165 00 00 

166 42 00 
166 50 00 
166 10 00 
165 04 00 
154 28 30 

163 45 00 

164 02 00 

165 34 30 

166 13 00 
Harbor. 

166 07 00 
165 05 30 
164 22 00 

163 53 30 

164 46 00 
164 01 00 
163 18 00 
162 58 00 




Surface. 

do 

do 

do 

do 

do 

do 

do 

do 

— do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

.... do 

— do 

do 

do 

do 

.... do 
... do 

do 

do 

do 

do 

.... do 

do 

do 

do 

do 

do 

do 

.... do 

do 

do 

do 

do 

do 

do 

do 

.... do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

— do 
do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

, do 

, do 

do 







Tem- 






Tem- 




pera- 






pera- 




ture of 






tureby 


Tem- 


speci- 




Speciflo 


at- 


pera- 


men at 


Spvciflo 


gravity re- 


tached 


ture of 


time 


gravity . 


duced 


ther- 


the air. 


8i>ecific 




to60oF. 


mome- 




grav- 






ter. 




ity was 
taken. 



















59 


63 


70 


1.0240 


L 025450 


53 


55 


68 


1.0244 


1.025536 


50 


52 


68 


1.0246 


1.025736 


50 


62 


68 


1.0246 


1.025736 


48 


52 


68 


1.0250 


1. 026136 


52 


55 


69 


1.0244 


1.025687 


63 


62 


69 


1.0244 


1.025687 


50 


51 


69 


1.0244 


1.025687 


48 


53 


69 


1.0246 


1. 025887 


49 


53 


69 


1.0244 


L 025687 


48 


54 


69 


1. 0232 


1. 0-4487 


51 


56 


69 


1. 0232 


1.024487 


60 


55 


69 


1.0232 


1.024487 


59 


62 


69 


1. 0226 


1.023887 


.•>8 


59 


69 


1.0226 


1.023887 


58 


58 


69 


1.0212 


1.022487 


56 


61 


69 


1.0218 


1.023087 


52 


58 


69 


1. 0222 


1.023487 


59 


60 


69 


1. 0146 


1.015887 


64 


68 


69 


1.0146 


1.015887 


64 


65 


69 


1.014H 


1.015887 


69 


57 


68 


1.0160 


1.017136 


56 


66 


62 


1.0224 


1.022670 


50 


55 


09 


1.0226 


1.028887 


55 


66 


68 


L0224 


1.023536 


56 


56 


68 


1.0232 


1.024336 


5:» 


55 


68 


1.0236 


1. 024736 


66 


55 


68 


1.0238 


1. 024736 


54 


54 


68 


1.0236 


1. 024736 


54 


55 


68 


1.0236 


1.024736 


54 


54 


68 


1.0234 


1. 024536 


53 


53 


68 


1.0236 


1.024736 


52 


54 


68 


1.0236 


1.024736 


53 


53 


68 


1. 0'236 


1.024736 


52 


63 


68 


1.0236 


1.024736 


51 


51 


68 


1.0236 


1.024736 


52 


52 


68 


1.0236 


1. 024736 


52 


62 


68 


1.0236 


1. 024736 


51 


50 


68 


1.0236 


1. 024736 


60 


50 


68 


1.0236 


1. 024736 


50 


49 


6'< 


1.0236 


1. 024736 


50 


50 


68 


1.0236 


1.024736 


50 


49 


68 


1.0236 


1. 024736 


50 


49 


68 


1.0240 


L 025136 


51 


51 


68 


1.0240 


1.025136 


61 


52 


68 


1. 0240 


1. 025136 


50 


51 


68 


1.0240 


1.025136 


51 


51 


68 


1. 0240 


1.025136 


49 


50 


68 


1. 0240 


1.025136 


48 


50 


68 


1.0238 


1.024936 


49 


50 


68 


1. 0240 


1.025136 


60 


50 


68 


1.0240 


1. 025136 


60 


55 


68 


i 1. 0240 


1.025136 


50 


54 


68 


' 1. 0240 


1.025136 


50 


52 


68 


1. 0238 


1.024936 


60 


52 


68 


1. 0j:i8 


1. 024936 


50 


53 


68 


1. 0236 


1.024736 


49 


51 


68 


1. 0234 


1. 024536 


48 


50 


69 


1. 0232 


1. 024487 


50 


52 


69 


1.0234 


1. 024687 


50 


51 


69 


1. 0234 


1.024687 


49 


51 


69 


1.0236 


1. 024887 


45 


50 


69 


1.0 '30 


1. 024887 


45 


52 


69 


1. 0V;{2 


1. 024487 


52 


59 


69 


1. 0202 


1.0214K7 


50 


52 


• 68 


H'2I0 


1.025136 


52 


52 


* 68 


1.0236 


1.024736 


50 


50 


68 


1. OIU 


1.024536 


51 


52 


68 


1. 0234 


1.024536 


50 


51 


68 


1.0234 


1.024536 


49 


51 


M 


! 1. o2:w 


1. 024r.36 


50 


51 


68 


' 1. 0234 


1.024536 


50 


51 


68 


1 1. 0234 


1.024536 



ALBATROSS EXPLORATIONS ; ALASKA, WASHINGTON, AND OREGON. 81 



25. Record of temperatures and vsater deneitiee by ike eieamer AlbatrosBt «to. — Continaed. 



Date. 



Time of 
day. 



188& 
July SO 



tl 

SI 

S 

s 
s 
s 

4 
4 
4 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
8 

8 
8 

• 
10 
10 
11 

u 

IS 
13 
18 
20 
SI 
SI 



34 
84 
34 
34 
35 



27 
27 
37 
27 
28 
28 
28 
28 
28 
29 
29 
28 
SO 
SO 
SO 
SO 
81 
81 



ISiii.... 
8p.iii... 
12 p. m . . 
Oa.m ... 

1 p. m . . 
12 m.... 
12 m 

6 p. m — 
12 p. m . 
0«.m — 
12m 

7 p. m 

12m 

Op. m... 
12 p.m.. 
0». m — 

12 m 

Op. m... 
12 p. m.. 
0«. m — 

12 m 

p. ra — 
Oa. m .. 

12m 

Op. m — 
12 p. m.. 
0». m — 

12m 

8.30 p. m 
12 p.m.. 
Oa. m — 

12 m 

Op. m — 
12 p. m . . 
8a. m — 

12m 

Op. m — 

12m 

Op. m — 
12 p.m.. 
Oa. m — 

12m 

0.80 p. m 
12 p.m.. 
Oa. m . 

12m 

Op. m — 
12 p.m... 

Oa. m 

12m 

m — 
p. m. .. 
a. m . .. 

12m 

p. m — 

2 p. m 

Oa. m 

12m 

Op. m — 
12 p.m... 

a m 

12m 

p. m . . . 
12 p. m . . 
Oa. m ... 

12m 

p. m . . . 
12 p. m . . 

Oa. m 

12m 

0.80 p. m . 
12 p. m... 
Oa. m — 
12m 



Op.]] 
12p. 



Latitude 
north. 



M 08 00 
54 81 00 
54 42 00 
54 50 00 



Longitude 
west. 



102 48 30 
101 44 00 
161 13 00 
160 33 00 



Hnmboldt Harbor. 

Eagle Harbor. 
54 44 00 161 27 30 

54 20 00 102 02 00 

54 18 00 101 34 00 

54 30 00 100 28 00 

54 56 00 159 54 00 

Yukon Harbor. 
54 50 00 I 159 08 00 



54 41 00 


159 16 00 


54 34 00 


150 40 00 


54 25 00 


160 03 00 


54 34 00 


158 43 00 


55 U4 00 


158 48 00 


55 20 00 


158 48 00 


55 25 00 


157 37 00 


55 45 00 


158 25 00 



Ivanoff Bay. 
Off Mitrofania laland. 



55 43 00 
55 37 00 
55 46 00 

55 44 00 
50 07 00 

56 28 00 
50 23 00 

56 42 00 

57 00 00 



Old Harbor. Kadiak It)lan<l 



157 24 00 
156 57 UO 
155 55 00 
155 14 00 
154 30 00 
154 05 00 
153 24 00 

152 21 00 

153 20 30 



56 38 00 

57 03 00 
57 20 00 
57 11 00 



151 59 00 

152 10 00 
152 13 00 
151 05 00 



St. Paul, Kadiak. 



57 52 00 
57 19 00 

57 44 00 

58 07 00 
58 05 00 

57 41 00 

58 05 00 
58 31 00 
58 51 00 
58 21 00 

57 54 00 

58 17 00 
58 46 00 
58 30 00 

58 37 00 

59 06 00 



151 47 00 
150 35 00 

150 46 00 

151 33 00 
150 46 00 
149 44 00 

149 48 00 

150 56 00 
150 47 00 
149 33 00 
148 34 00 

148 36 00 

149 17 00 
148 20 00 
147 50 00 
147 30 00 



Middleton Island 



59 01 00 


144 22 00 


59 08 00 


143 30 00 


59 00 00 


142 51 00 


58 56 00 


142 18 00 


58 27 00 


141 11 00 


58 08 00 


140 21 00 


57 44 00 


139 30 00 


57 10 00 


138 44 00 


56 36 00 


137 58 00 


56 02 0«) 


137 11 00 


55 2H (K) 


136 25 00 


54 50 Ort 


WS 47 00 


54 23 00 


135 09 00 


53 52 00 


134 31 00 


53 1H 00 


1:0 55 00 


52 48 00 


i:W 04 00 


52 22 00 


132 11 00 


51 54 00 


131 21 00 


51 24 00 


130 29 00 



Depth. 



Surface. 

do. 

do. 

do. 

, do. 

do 

do. 

do. 

do . 

do. 

do 

do. 

do . 

— do . 

do. 

do 

do. 

— do . 
....rdo . 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do . 

do. 

do. 

do. 

do . 

do. 

do. 

do. 

do . 

do. 

do. 

do. 

do. 

do. 

do. 

do . 

do. 

do. 

do 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do 

do. 

do . 

do. 

do. 

do. 

do. 

do. 

do- 

do . 

do . 

do . 

do. 

do . 

do . 

d. . 

do. 

do. 



Tem- 
pera* 
tnre by 

at- 
tached 
ther- 
mome- 
ter. 



60 
60 
•49 
60 
49 
51 
51 
60 
51 
50 
50 
50 
52 
51 
50 
61 
51 
62 
51 
50 
51 
61 
50 
53 
51 
50 
48 
54 
50 
51 
52 
56 
58 
54 
52 
54 
58 
54 
65 
50 
62 
54 
66 
66 
65 
54 
56 
56 
56 
59 
56 
67 
58 
58 
53 
53 
59 
60 
60 
59 
58 
58 
58 
58 
57 
59 
60 
57 
57 
57 
60 
58 
59 
60 



Tem- 
pera- 
ture of 



Tem- 
pera- 
ture of 
speci- 
men at 
time 



the air. specific 

gra^* 

i^ was 

taken. 



o 
61 
62 
61 
51 
63 
56 
62 
61 
52 
62 
61 
62 
52 
52 
50 
50 
58 
63 
61 
51 
52 
65 
53 
54 
54 
61 
50 
68 
53 
53 
54 
68 
73 
53 
53 
63 
55 
60 
56 
55 
54 
55 
62 
65 
59 
67 
55 
56 
67 
61 
67 
57 
58 
82 
57 
59 
50 
84 
62 
60 
66 
66 
58 
68 
57 
60 
65 
57 
57 
59 
79 
59 
59 
65 



o 
88 
68 

88 

88 

68 

68 

68 

68 

88 

68 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

71 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

69 

69 

09 

69 

69 

69 

89 

89 

89 

09 

09 

89 

60 

69 

60 

69 

89 

69 

601 

69 

69 

68 j 

69 I 
68 I 



Spedflc 
gravity* 



L0S84 
1.0234 
1.0280 
L0230 
1.0228 
L0230 
L0230 
1.0230 
1.0230 
1.0230 
1.0230 
1.0230 
1.0280 
L0230 
L0280 
L0230 
L0230 
1.0230 
1.0280 
1.0230 
1.0226 
1.0224 
1.0168 
L0226 
1.0228 
1.0230 
1.0230 
L0230 
1.0230 
1.0230 
L0230 
L0228 
1.0220 
L0284 
1.0234 
L028i 
1.0234 
L0230 
L0230 
L0230 
L02II2 
1.0290 
1.0280 

L02ao 

L0230 
L0228 
1.0222 
L0226 
L0230 
1.0226 
1.0226 
L0226 
1.0234 
L0234 
1.0226 
1.0238 
L0336 
1.0236 
L0234 
1.0234 
1.0232 
L0230 
L0232 
1.0234 
L0230 
1.0230 
1.0232 
1.0234 
1.0234 
1.0234 
1.0234 
1.0234 
1.0232 
L0234 



Spedflo 
gravity re- 
duced 
teOOop. 



L034586 
1.024588 
1. 024188 
L 024188 
L 023738 
1.024188 
1.024188 
L 024130 
L 024138 
1. 024138 
L 024608 
1.024608 
1.024608 
L 024606 
1.024608 
L 024608 
1.024608 
1.024606 
1.084608 
1.024608 
L 024208 
L 024008 
1.017906 
1.024206 
1.024406 
1.024608 
L024806 
1.024608 
L 024006 
1.024606 
L 024606 
1.024406 
L023606 
1.025006 
L 024850 
L 024850 
1.024850 
L 024450 
L 024450 
1.024450 
1.024650 
L024450 
L 024460 
1.024450 
L024450 
1.024250 
1.023650 
L 024050 
1.024450 
L 024050 
1.023887 
1.028887 
1.024687 
1.024687 
1.023887 
L 024887 
1.024887 
1.024887 
1.024687 
1.024687 
L 024487 
L024287 
1.024487 
1.024687 
1.024287 
L 024287 
L 024487 
L 024687 
1.024687 
1.024687 
1.024687 
1.024687 
1.034487 
L024887 
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BOLLETIN OF THE UNITED STATES FISH COMMISSION. 
25. Becord of t^peratwei cmd water dmtitiea 6y tile tteaintr Albatrott, ete. — OontliiDed. 



D*M. 


mmeof 


north. 


LoDKltade 


Depth. 


Tem- 

iMtaed 
tbar- 


tbealt. 


ep«clflo 


BpMdflo 


dnud 


lasa. 

8^5 


HigbwiUr 

£»;;;;■ 

I'."::; 
ii'in";;:: 

epm,... 
2p.iii.-.. 


-^ 






M 

«0 
00 
M 

'i 

BO 

ss 

S8 
M 

96 

BO 
GS 

se 
00 

68 

02 

M 


01 
08 
EB 

M 
SB 

00 
03 

66 

SS 
58 
68 

08 

02 

M 

02 
•0 


i 

SB 

i 

OS 
OS 
88 
89 
80 
B9 
80 
«« 

m 

85 
08 

88 

85 
OS 
OS 


1.8214 

1,0218 

1:0224 
1.0230 

i:o2M 

1.0232 

i!a23C 

1.0228 

Loaso 

1.0230 
1^0244 

LOrn 
1.0064 

1.0000 

1.0228 
1.0260 




47 M 00 1 m' SK 00 
SeBttle, Wwh. 

Do. 
Poit Towii«ond. 
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17- OBSERVATIONS OF WIND. WEATHER, AND BAROMETER. 

From the 1st to the 1th of July daily sea breezes prevaileil io San Francisco from 
the aoutbwest with clear weather, the bafometer raoging from 29.84 to 30.06. 

Leaving i>ort on the latter date, we carried a light southwest wind nearly to Point 
Beyee, where it hauled to the northward and westward, increasing to a moderate gale 
the following day, with a heavy lieatl sea. 

It moderated after we paHse4l iTtO OD' OtV north latitnde, and in the Straits of Fuca 
we bad a fresh breeze from southwest to soutbeast. It was fair to clear weather, 
escept in the region of Gape Flattery and the Straits of Fuca, where it was partially 
overcast. 

Light to moderiite Rontheast to southwest winds with generally fair weather pre- 
vailed in the inland waters of British Ooliiiubia from tbe lOth to the 13th of July, 
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altboogh some portion of each day was foggy. The barometer ranged from 29.94 to 
30.30. 

From Yancoarer Island to Unalashka, light to moderate southwest and southeast 
winds were encountered until the 20th, and easterly winds thence to port, where we 
arrived on the 23rd. The weather was misty at all times, and frequently overcast or 
foggy, the sun appearing at intervals, however, until the 20th9 ^^^ which a dense fog 
prevailed. Light rain fell during some portion of each day. The barometer was high 
during the prevalence of southwest winds, ranging from 30.16 to 30.40, but fell gradu- 
ally to 29.80, with winds from the eastward. 

Easterly winds and foggy, rainy weather prevailed in Iliuliuk until the 28th, 
although the sun came out brightly on one or two occasions. The barometer ranged 
from 29.72 to 30.00. 

It partially cleared for a few hours on the afternoon of the latter date, then the 
fog shut down until our arrival in Humboldt Harbor on the 31st. The winds were 
from northeast to southeast, light to moderate, the barometer ranging from 29.90 to 
29.72. A breeze came out from northwest on the following day, and from 6 a. m. to 
meridian it was clear, but a change to southeast brought the fog in again for the 
remainder of the day. 

It cleared for an hour on the morning of the 2nd, shut in again until noon, then 
cleared for several hours during the afternoon. 

August 3 was clear most of the time until 2 p. m., when th^ fog shut in for the 
remainder of the day. The winds continued from the eastward until the 4th, then 
hauled to southwest with rising barometer and clearing weather. 

They held in the same quarter from light to moderate in force until August 15, 
the day following our arrival in St. Paul, Kadiak. Four days were fair or clear, six 
days foggy, with clear weather at intervals, and one day of dense fog. Kain fell on 
five days, very light, however, little more than a heavy mist. The barometer ranged 
from 30.10 to 30.58. 

We remained in St. Paul until the 21st, north to east winds prevailing. The 
weather was generally fair with intervals of fog and rain. A dense fog prevailed 
during the 18th, wind north, light to moderate, the barometer falling to 29.58. Light 
rain fell during four days. 

Light northerly winds prevailed until our arrival atMiddleton Island on the 25th. 
The weather was generally fair, although there were intervals of fog on two days; 
barometer from 30.20 to 29.70, falling to 29.56 the following day, yet the weather con- 
tinued clear and pleasant, except two or three hours of fog in the evening. Light rain 
fell on the 25th. 

Leaving the island on the evening of the 26th, we had light variable winds and 
frequent calms until our arrival in Departure Bay on the morning of September 3. 
The weather was generally fair, with intervals of fog, except on two days, which 
were from fair to clear. Light rains are recorded on two days and moderate rain one 
day. The barometer ranged from 29.60 to 30.30. 

Leaving port on the morning of September 5, we had rainy, misty weather during 
the day, and overcast, partially foggy weather the following morning, clearing after we 
entered Puget Sound. We arrived in Seattle during the afternoon, where we remained 
until the 17th. Light variable winds and frequent calms prevailed, with generally fair 
weather, although the mornings were foggy as a rule, and light rains occurred on five 
days, usually at night or early morning. Barometer 29.82 to 30.34. 
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We left Port Townsend on the 18th of September and cruised off the coast of Wash- 
ington Territory until the 23rd, and Vancouver Island until the 29th, finally returning 
to Seattle October 2. Light vaTiable winds prevailed on the day of our departure, 
followed by a moderate gale from southeast the following day, variable winds on the 
21st, light to moderate breeze from northwest to northeast until the 26th, and light 
variable airs with frequent calms until our return to port. The first three days were 
misty or rainy, followed by six fair or clear days, then five days of continuous fog, 
light rain falling during four days. The barometer ranged from 29.82 to 30.50. 

Light variable winds with fair weather prevailed in Seattle from October 2 to 
4, light northeast to west-northwest winds in Port Townsend on the 5th, with clear 
weather. Variable winds and light rain were encountered in Victoria, British Colombia, 
on the 6th. Fair weather prevailed at Departure Bay from the 7th to the 10th, with 
intervals of fog and rain. The same conditions prevailed on the 11th in the Straits of 
Puca and off Cape Flattery, and on the 12th a fresh gale from southeast to.westnorth- 
west occurred off the Columbia River, followed by moderate winds from west-north- 
west on the 13th, light rain having fallen every day since the 6th. Light variable 
winds and frequent calms with partially clear weather prevailed in Astoria, Oregon, 
from the 14th to the 18th. Light rains fell on three days. The same conditions pre- 
vailed on the 19th on Heceta Bank, followed on the 20th by a moderate gale from 
northwest to north, moderating the following day as we approached the harbor of San 
Francisco. 

The barometer was very unsteady from the 1st of October, oscillating between 
29.80 and 30.46, the average being 30.12. 

Attention is called to the meteorological table on pages 82 to 84 of this report 
where the extreme and mean climatic conditions are recorded for each day. 

28. OBSERVATIONS RELATIVE TO OCEAN CURRENTS. 

From San Francisco to the Straits of Fuca the currents were to the southward 
and eastward, in the general direction of the coast line, and averaged 15 miles per day. 

Tidal influences only were felt through the inland passages of British Columbia; 
and from the north end of Vancouver Island to 143° OO' 00" west longitude the set was 
northerly, about 13 miles per day. It then changed to the southward and eastward 
(about S. 220 E.), averaging 8 miles per day until we reached the island of Uualashka, 
near its western end. Thence to Unimak Pass it was about N". 75° W. one-half mile 
per hour. 

From the pass to Unalashka we were near the land and affected by tidal influence. 

The same may be said when on leaving port we steamed through Unalga Pass 
and to the eastward parallel with the islands until we took a departure for Ugomok. 

A current of about one-half mile per hour N. 70o W. was encountered in running 
a line of soundings 45 miles oft' shore and returning. It may have been the result of 
tides, as the vessel was within their influence several hours. 

Steaming across Unimak Pass to Promontory Cape the tide only was noticed. 
Thence to the east side of the Sannakhs a current of three fourths mile per hour was 
encountered setting to the northward and eastward, and between the latter group and 
the Shumagins the set was in the same direction, about one-half mile per hour. 

Strong tides were found among the islamls of the above group. 
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A sabseqaent ran from the Sannakhs to Bird Island on August 4, developed a 
current of 1 knot per hour S. 68^ W., so it will be seen that the currents are not uni- 
form, and it is more than probable that they are affected by the tides. 

While engaged in sounding off the east and south shores of the Shumagins, from 
Atkin Island to Chernabour, a current of seven-tenths mile per hour was found setting 
8. 630 B. 5 and from Castle Rock N. 84° E. 65 miles, thence to Mitrofania Island we found 
it was setting N. 18^ W., about one-half mile per hour. 

From Mitrofania Island to Lighthouse Eocks, and thence to Trinity Islands, the 
current was about N. 78° B., three-fourths mile per hour. 

We were within the influence of the tidal streams much of the time while off the 
east coast of Kadiak, which affected us more or less according to our distance from 
land, and made it dif&cult to determine the amount of drift. The resultant of tides 
and currents indicated a set of about one-fourth mile per hour to the northward and 
eastward. 

On Portlock Bank north and east from Kadiak we found a current of four-tenths 
mile per hour S. 24o W. to longitude 15 lo 00' 00'' W., S. 65o W. three-tenths mile per 
hour to 1480 30' 00" W., and S. 10° E. four-tenths mile per hour to 1470 30' 00" W., 
increasing in force and taking a more easterly direction as we approached Middleton 
Island. 

From the island to the reported position of Pamplona Eocks, and thence to lati- 
tude 550 30' 00" north, the current was to the northward and westward, averaging 
six-tenths mile per hour, and S. 60° W. one-half mile per hour to the south end of 
the Queen Charlotte Islands when we again came within the influence of the tides. 

From September 19 to October 21, between Gape Flattery and San Francisco, 
the current was to the southward and eastward, averaging about three-tenths mile 
per hour, except during one day oft* Gray's Harbor and Shoalwater Bay, where it 
set north four-tenths mile per hour. 

39. PARTIAL LIST OF HARBORS AND ANCHORAGES BETWEEN KADIAK ISLAND 

AND UNALASHKA ISLAND. 

The following li-t of harbors and anchorages is inserted in this report chiefly for 
the purpose of calling the attention of strangers to localities where vessels have found 
shelter. The information respecting them was obtained principally from local authori- 
ties, very few having been visited by the Albatross. In dealing with this information 
it should be borne in mind that the vessels navigating the regions in question are for 
the most part light, handy schooners, and the availability of a harbor is very apt to 
be considered with reference to the craft in which the informant has been in the habit 
of sailing. Some of the harbors are designated as good for all classes of vessels, and 
here again a word of caution may be necessary, as the largest vessel ever seen among 
the islands was probably a sloop-of war. 

The positions given are approximate, and are only intended as a guide to enable 
the navigator to recognize localities in case of confusion or absence of names on his 
chart. The list is arranged with reference to longitude, from east to west. Too much 
dependence should not be placed on any of the charts of this region, as very few accu- 
rate surveys have been made, and most of the data are from the reconnaissances of 
early Bussian navigators. The eye and the lead will continue to be the most reliable 
guides until the region haB been properly surveyed. 
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List of harbors and anchoragea. 



Latitude 

N. 


Longitade 


O 1 II 


O 1 II 


57 37 00 
57 26 00 
67 37 00 
67 47 57 


162 00 00 
152 09 00 
162 06 00 
152 21 21 


67 24 00 


152 08 00 


58 12 00 
67 55 00 


162 18 00 
152 25 00 


67 28 00 


152 36 00 


67 58 00 


162 48 00 


67 10 00 


152 57 00 


67 18 00 
57 11 00 


153 00 00 
153 13 00 


57 09 00 


163 17 00 


57 10 00 


163 20 00 


57 00 00 
56 61 00 


153 20 00 
153 40 00 


50 43 00 
56 29 00 


153 58 00 

154 00 00 


55 53 00 
55 48 00 
57 08 00 
67 05 00 
66 02 00 


165 24 00 
165 33 00 
156 18 00 
156 28 00 
156 41 00 


66 01 00 


156 44 00 


56 18 00 


166 51 00 


56 18 00 


156 55 00 


56 24 00 


158 07 00 


65 67 00 


158 39 00 


65 68 00 
55 52 00 


158 47 00 

159 U5 00 


55 62 00 


159 08 00 


54 55 30 


159 15 03 


55 46 00 


159 18 00 


54 66 00 


159 19 00 


55 02 00 


159 21 00 


56 49 UO 


159 21 00 


54 58 26 


159 22 18 


55 03 18 
55 3,1 00 
55 04 00 


159 23 25 
159 27 00 
159 30 00 


S4 46 00 


159 31 00 


65 44 00 
55 37 00 
55 08 00 
55 06 00 


159 42 00 
159 46 00 
159 48 UO 
159 55 00 


55 07 36 


159 56 00 



Harbors and anchorages. 



^Cape Greville to Low Cape, Kadiak Island. Anchorage may be found near the shore protected 
\ fiom northerly winds. 

Chiniak Bay, Kadiak Island. Anchorafre protected fh>m winds from west to southeast. , 

Harbor of St. Paul, Kadiak Island. Outer and inner harbor, the former good for all classes. See 

Coast Survey chart No. 776. 
UKftk Island. Anchorages on northwest and northeast extremities of the island, on either side of 

the sand point. 
UJnt Bay, Afugnak Island. Oood harbor for all classes of vessels on the west side of the bay. 
Narrow Strait. Anchorage for all classes, off the settlement near the west end of Spruce Island, 

between it and Kadiak. 
Ugak Hay, Kadiak Island. Gk>od harbor for all classes. There are rocks in the entrance which 

are easily avoided in moderately clear weather. 
Between Kadiak, Afo^oiak, Raspberry, and Whale Islands, at the eastern end of Northern Strait. 

Good anchorage for all classes. 
Port Hobron. Sitkalidak Island. The second bay inside Cape Barnabas. Good harbor for all 

classes. There are other harbors on the northeast and southwest sides of the island. 
Kiliuda Bay, Kadiak Island. Goo<l harbor for all classes. Several good harbors in the bay. 
Old Harbor, Kadiak Island. A good harbor for all classes. Surrounded b}' land of moderate ele- 
vation, and not liable to \'io1ent 8<}ualls. It lies in the strait north of Lisiansky Bay off an Indian 

village formerly calltMl Old VillagM, now called Three Saints by the natives. 
Lisiansky Bav, north of Bay of Three Saints. Good harbor foi* all classes. It lies between the 

Bay of Three Saints and Old Harbor. 
Bay of Three Snints, Kadiak Inland. Gk>od harbor for all classes, but it is surrounded by hi^ 

land and subjected to furtous " woollies " (squalls) in bad weather. 
Kiyavak Bay, Ka<liak Island. There are several anchorages in this bay. 
Alnentia Buy, Kadiak Island. Anchorage for all classes, but oi>en to northeast winds when aheavy 

swell rolls in. 
RuHsian Harbor, Eladiak Island. Grood harbor for all classes. 
Trinity Islands, south of Kadiak. Anchorage may be found off the islands in good weather, but 

they have no harbors. Tngidak is very low with shoal water extending some distance from the 

shore. 
Chirikoff Island. See Coast Survey chart No. 786. Anchorage near northeast extremity. 
Chirikoff Island. See Coast Survey chart No. 796. Anchorage off southwest extremity. 
Agripin Bay, mainland. Good harbor for small vessels. 
Port Wrangel, mainland. Good harbor for all classes. 
C ho wee-et Island, Semidl Islands. Anchorage for all classes under northeast end of island. See 

Coast Survey chart No. 786. 
Cbowoe-et Island. See Coast Survey chart No. 786. Anchorage under northwest side of the island 

for all classes. 
A^ihik Island, Semidi Islands. Anchorage for all classes on the east side of the island. See Coast 

Survey chart No. 786. 
Aghik iHland. See Coast Survey chart No. 786. Anchorage for aU classes on the west side of 

the island. 
Chi^'nik Bay, mainland. There are several anchorages in the bay, the best one being under South* 

west Point. The outer one between Chankliut Island and the Point. See Coast Survey chart No. 

797. 
Mitrofania Bay, mainland. Mitrofania Harbor, first bay on the east sideof the entrance to Mitro- 

fania Bay. (}ood harbor for all chtt»ses. Fish Ranch Bay, second bay on east side of entrance to 

Mitrofania Bay. Anchorage for all classes. Open to southerly wiucfs. 
Long Beach. West side of Mitrofania Bay. Anchorage for all classes. Open to southerly winds. 
Chiacbi iHland. Anchorage for all classes on the northeast and north sides of the islands. See 

Coast Survey chart No. 798. 
Chiuchi Island. See Coast Survey chart No. 798. Anchorage for all classes on northwest side of 

the island. 
Simeonoff Island, Shumagin Group SimeonofiViky Harbor. Good for small vessels, but difficult 

of entrance. See Coast Survey chart No. 808. 
Jacob Island. Harbor at north end of Jacob Island, between it and Paul Island. Good for all 

classes. 
Twelve Fathom Straits. Shumagin Islands. Anchorage for all classes with protection from easterly 

winds. See CoSHt Survey chart No. 806. 
Little Koniushi, Shumaciu Group. Sandy Cove. Good anchorage for all classes. Open to easterly 

winds. See CoaHt Survey chart No. 806. 
Alexander Point. maiulan<f. Anchorage on the east side of the Point for 10 miles. Small islands 

break the Hwell. 
NorthesMt Harbor, Little Koniushi, Shumagius. Good harbor for all classes. See Coast Survev 

chart No. 808. 
North went Harbor, Little Koniushi. Good harbor for all classes. See Coast Survey chart Na 756. 
Ivauoff Bay. mainland. Good harbor for all classes. 
Big KoniuHhi iHland. Yukon Harbor. Goo<l fur all classes. Anchoraee may be hatl in many 

places on both sides of Bif^ Koniushi iHlaud. See Coast Survey chart ^To. 756. 
(/hernabour Island, Shumagin Group. Anchorage on east side of island. Open to all except west- 

erlv wiudH 
Fox bay. mainland. Harbor for all clasaes. Partially exi)ose<l to westerly windn. 
Boulder Bay, mainland. Anchorage for amall vensels. Protected from easterly winds. 
MiMt Harbor, Nagai iHland, Shumagin Group. G<M)d harbor for small vessels. 
East Bight, Nagai Inland. Good harbor for small vessels. Anchorages may 1n« found in many 

placen on either side of Natrai, near the island. 
SanlMim IIarl)or, Nagai Island. Excellent harltor for all classes. It is a deep Imy nnrrounded by 

high land, and aailing vessels avoid it on account of frequent and long-continued calms. See 

Coast Survey chart No. 813. 
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b Hubor, Naj^ lAlaud. Eioellant harbor fori 

ivln lalud. Annhorace nndcr northeHC eLd of thi 



Dduoff Hubor, Unn iKUnd. Sboinula Gnap. 

HDdlnab.'.VTKetl. 
BurloffHsrlHir, tJniiiilslMid. Ooc 
Humboldt Harbor, or Sandy Point, . ,, 

for SBDitf Point. Sae Coaat Snrrey chart I 
Portals Bay. malDUnd. Qood harbor for all olaai 
Coal Harbor. UnKa Island. Qovd harbor for all ol 

lalwd. See Cotut Survey ohartNo.SIS. 
Cual Bay, malDland, Good 
Waanaunaky Island. And 



awwa. 8h CoMt Surrey ohart No. SOB. 
1 rlaoH*. Boa Coatt Snrvey ohart ^o. MS. 
Lilaud. Open to the northward and eaal- 

vewiela. 
M. Open to aoath and Mnthvaat. Bee Coaat 

or all cUuea, Open to aoutbelwt iriod* whioh 



ander the northeai 
it fur a 



Poaltlon gin 
intheaet end. 



eitnmtty oT fiomid 



lainland. Good hi 



>rth of Mosa Cape. Anchorage for all claaaea. 

BeitotJiky Ancbotajte, Belkovaky Bay. Qood aDchDrase for all olaageg. Open to eaaterly winda. 
BaUey'a Harbor, BelkoTsky Bay. Good harbor for ail elaaaee. 

w,._L_ ._ 1. T._i» 1 — T»__ .-,__j 1 '--all claeaea. Open 1« 

II lalanda. Good fa 



TskT B»T 



lelKSskj" 

tailey'a Hai 

Kitchen Anaborage, BeikoTsky 
Deer Island. FotlaiaDd. And ^. 
King's Udts, niu,iDland. Qarbor for all olasaea. 
CatoD Islaud, Sannakh GroDp. A nchomge between Catoa and Saonakh lalands. Forsmali 

ItinadaneeronRlocailly. 
PavloH Hirbor, Sannakh Island. For noalt TeaseU. 
Aoherk Harbor, Sannakh latand. ForaU t^aasea. Open fh>in noHli to northweat. Bee Ct 

BT tb* north tide of tha iaiand. 






EhsC Anchor Cove. UnimaS Island. 
West Anchor Cove, Unlinak Iaiand. 
Loras Harbor. Uulmak Iaiand. Foi 
Unmoklaland— 'lehmlahklKlaDd. 
The Nook. Tinida Inland. For nm 
Aknn Cove. Akua Island. Anohorafe lor all cLaaeai. upen to e 

~ Iaiand. Anchoragsrorall clwiaea. Open 

~ ' ind. Good for all olaasa^ Beat ano 



horage betwf 



Harbor. Aknti 

J. Splrkin Islai . 

Inelbb Bay, UnBlaabkB Isla 
■ "-Bay. n- -■ - - 



Qutl 



raUcI 
id. Good hi 



UnalaahkaBay. Hioliok Harbor ■ 

Hakushin Bay. UnaiBshks Island. _ 

Kashnga Harbor, TTnalaabka Island. Good for all olaaaea 
Chemoffaky Harbor, Unalaabka Island. Good lor all clai 



lohorage near tba north al 



. See CoMt Survey chart No. 821. 
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31. REPORT OF THE ENGINEER'S DEPARTMENT. 



BY C. R. ROELKER, 
Piuaed AaHatani Engineer^ U S, Navy, in charge, 

r 

The following statement shows the work done in the engineer's department of this 
vessel from July 1 to October 21, 1888: 

Total time covered by present report days 113 

Total time the fires were lighted in main boilers hours 2, 486^} 

Total time the fires were lighted in donkey boiler do 240^ 

Total time the engines were in operation, inclndlng time spent in sounding, 

dredging, getting under way, etc hoars 1, 311fJ 

Total time the engines were in operation, with vessel on her coarse do 1, 078}} 

Total revolutions made by engines with vessel on her course: 

Starboard engine number 4, 249, 444 

Port engine do 4,243,530 

Mean revolutions made per minute do 65.5 

Total knots run do 8,771.1 

Mean knots run per hour do 8.13 

Mean slip of screws per cent 15.33 

Weight of fuel consumed in main and donkey boilers tons 636HSS 

Weight of fuel consumed in steam cutters. do 2^}}} 

Weightof fuel consumed In galley do l^HJS 

Total weight of fuel consumed do 652iV^% 

Amount of refuse In fuel consumed. per cent 15.3 

Total weight of fuel consumed while engines were in operation tons 521^^4% 

Mean number of pounds of fuel consumed per hour pounds 890 

Total time the dynamo has been in operation hours 566|J 

The main engines have worked quite satisfactorily, notwithstanding they were fre- 
qaently subjected to severe strains. A single main boiler has been used at a time; 
up to July 13 the full grate surface of each boiler (58J square feet) was used; after 
that date the grate surface was reduced to 46 square feet by bricking off 18 Inches at 
the back of the grate in each furnace. Leaks have developed again in the bottom of 
the boilers, and some blisters have been formed in furnaces and back connections. 

The fuel used during this cruise has been mainly Wellington and Nanaimo coal. 
The rapidity with which these coals ignite and produce steam is of special advantage 
when this vessel is engaged in sounding and dredging, and the demand for steam is 
intermittent and irregular. The large volumes of black smoke and soot produced are 
not only a source of annoyance and necessitate frequent sweeping of tubes and con- 
nections, but cause serious trouble, as the soot in the smoke-pipe ignites easily. The 
Wellington coal, which was mostly procured fresh from the mines at Departure Bay, 
Vancouver Island, gave results in steaming efficiency only slightly inferior to Welsh 
coal. Great precautions are necessary to prevent the spontaneous combustion of this 
coal in the bunkers. At Astoria, Oregon, smoke was observed to issue from the after 
port bunker. It was found that the rope covering on the auxiliary steam pipe was 
completely charred, and that a great heat had been developed in the surrounding coal. 
No actual ignition of the coal had taken place. The rope covering has been removed 
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from all the pipes in the bankers, and asbestos and hair-felt covering is being sabsti- 
tated and the pipes will be encased in wood. 

The Nanaimo coal obtained at Unalashka had been stored in a closed warehouse ; 
ID steaming efficiency it was 13 per cent, inferior to Wellington coal. The Nanaimo 
coal taken on board at Kadiak had been left exposed to the weather, without any cov- 
ering, and it appeared to have lost 18 per cent, in steaming efficiency on that account. 

Thirty tons of Seattle coal, taken on board at Unalashka, were more or less mixed 
with the Nanaimo coal in the bunkers, so that no accurate test of its steaming effi- 
ciency could be made, but a marked falling off in the steam supply and an increase in 
the quantity of refuse were observed as soon as this lot of coal was used. 

Twenty tons of patent fuel (Anchor brand), manufactured from Welsh coal slack, 
were taken on board at Esquimalt, Vancouver Island. Its steaming efficiency was 
about 12 per cent, less than that of good Welsh coal. 

The selection of the most economical fuel depends on the cost of the fuel per ton 
and itM steaming efficiency. In a vessel engaged in making regular passages between 
eertain ports, the steaming efficiency is easily measured by the weight of fuel con- 
samed per mile steamed. But when this vessel is engaged in its regular duties of 
sounding, dredging, and fishing, the value of the fuel must be determined by the 
amount of work which can be done, starting out with a full supply of fuel on board, 
before it is necessary to return to a base in order to replenish the supply. As the 
space available for the storage of fuel in the bunkers and on deck is limited, the bulk 
of a given weight of fuel is of importance ; and as the demand for steam supply is 
intermittent and very irregular while the vessel is engaged in sounding, dredging, and 
fishing, a coal which ignites easily and produces steam rapidly, possesses considerable 
economic advantages. 

I find that in our boilers Wellington coal, fresh from the mines, has produced 
about 2 per cent, less steam than an equal weight of good Welsh coal ; but that about 
10 per cent, more space is required to store a ton of Wellington coal than of Welsh 
eoal. This vessel is therefore capable of carrying about twenty tons more of Welsh 
eoal than of Wellington coal, and at our usual moderate rate of speed she would 
Bteam about 450 miles farther with the former coal. The superiority of Wellington 
eoal, on account of the greater rapidity with which it ignites and generates steam, 
can not be expressed in exact figures, and varies according to the character of the 
work in which the vessel is engaged. 

The Nanaimo and Seattle coals have about the same bulk as Wellington coal, and 
ignite with equal ease. The better quality of Nanaimo coal used by us was 13 per 
eent. inferior to Wellington coal in steaming efficiency. The relative value of the 
two coals, as measured by the actual useful work to be obtained from a full supply, 
would depend greatly on the distance of the base of supply from the field of work ; 
the greater this distance the smaller the value of the inferior coal. 

It would be wrong to draw general conclusions from the unsatisfactory results 
obtained by us from the small amount of Seattle coal taken on board at Unalashka. 
Ad examination of the coal shipped from the coal wharves at Seattle, Wash., dis- 
closed great differences in character and in the amount of incombustible matter mixed 
with it. 

Our experience with the Nanaimo coal procured at Kadiak proved how rapidly 
these coals deteriorate when exposed to the influence of the weather, especially in the 
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damp climate of western Alaska. The coal should always be procared fireshly mined, 
if possible, and when stored for fotore use it should be kept in a closed house. 

The only serious accident to the machinery was the breaking of the conneotfng- 
rod strap of the dynamo engine, caused by an original flaw. Fortunately no ftirther 
damage was done. As the accident occurred at sea we were deprived of the use of 
the electric plant for nearly two weeks, until a new steel strap was obtained at Seattle, 
Wash. The new gypsy-head btted to the dredging engine for the purpose of reeling 
in the steel hawser works satisfactorily. 
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2 -REPORT OF EXPLORATIONS MADE DURING THE SUMMER AND AUTUMN 
OF 1888, IN THE ALLEGHANY REGION OF VIRGINIA, NORTH CAROLINA 
AND TENNKSSEE, AND IN WESTERN INDIANA, WITH AN ACCOUNT OF 
THE FISHES FOUND IN E-ACH OF THE RIVER BASINS OF THOSE RE- 
GIONS. 



BY DAVID STARR JORDAN. 



INTRODUCTION. 

Under the instructions of tlie TJ. S. Commissioner of Fish and Fisheries, Hon. 
Marshall McDonald, the writer undertook to make a series of examinations of the dif- 
ferent streams of the Alleghany region of Virginia, North Carolina, and Tennessee, 
and the streams of western Indiana. This examination had two general purposes: 
firsts to ascertain the general character of the streams in question, their ))resent stock of 
food-fishes and their suitability for the introduction of species not now found there; 
second, to catalogue the fishes native to each stream, whether food-fishes or not, in 
order to complete our knowledge of the geographical distribution of each species, and 
to throw light on the laws which govern geographical distribution. 

In the present paper is given an account of each stream, a list of the fishes found 
in it, and such notes, zoological or economic, on each species as add to our knowledge 
of it. 

In the work of the summer the writer had the very efficient help of his former stu- 
dents. Prof. Oliver P. Jenkins, of De Pauw University, Greencastle, Ind.; Prof. Barton 
W. Evermann, of the State Normal School, Terre Haute, Ind.; Prof. Seth E. Meek, of 
Goe College, Cedar Rapids, Iowa; and Mr. Charles II. Bollman, museum assistant in 
the Indiana University. The prosecution of the work was also materially aided by 
the help given by Mr. Richard Rathbun, assistant in charge of the work of scientific 
inquiry in the U. S. Fish Commission. 

The discovery of new species of fishes, which amounted to fourteen in number, was 
a secondary feature of the work of the summer. These, with the permission of the 
Commissioner, I have described in a preliminary paper^ in the Proceedings of the 
U. S. National Museum. The new species are as follows: 

1. Notnrus gilberti Jonlan Sl Evermann. Roanoke River at Salem and Roanoke. 

2. Notnrus fiiriosus Jonlan Sl M('<'k. NtMiHe River at MiUbuniic; Tar Rivor at Rocky Mount. 

3. Moxostoma rupiscartea Jordan & Jenkins. Catawba River at Marion and Morganton ; Back's 

Creek at Pleasant Garden ; Paeollet RivtT near Spartanbiirgh, S. C, etc. 

* Description of fourteen species of fresh-water fishes collected by the U. 8. Fish Commission in 
the sammer of 18eW. Proceedings U. S. Nat. Mus., lSd% p. 351. 

BuU. U. S. F. C, 88 7 97 
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4. Notropis macdonaldl Jordan & Jenkins. Shenandoah River at Waynesboroogh ; North River at 

Loch Laird ; Buffalo Creek near Lexington. 

5. Notropis kanaw^ha Jordan & Jenkins. Reed Creek near Wytheville. 

6. Hybopals w^atauga Jordan & E vermann. North Fork of Holston at SaltviUe ; Wataaga River at 

Elizabeth to WD, Tenn. 

7. Chologaster avitus Jordan & Jenkins. Dismal Swamp outlet near Suffolk, Va. 

8. FunduloB rathbuni Jordan & Meek. Allemance Creek ; Reedy Fork of Haw River; BufCalo Creek 

near Greensborongh, N. C. ; South River near Salisbury, N. C. 

9. Etheostoma rez Jordan & E vermann. Roanoke River at Roanoke, Va. 

10. Etheostoma roanoka Jordan & Jenkins. Roanoke River at Salem, Roanoke, and Alleghany 

Springs; Neuse River at Millbnruie; Tar River at Rocky Mount. 

11. Etheostoma podostemone Jordan & Jenkins. Roanoke River at Salem and Roanoke ; Mason's 

Creek at Salem ; Bottom Creek at Alleghany Springs. 

12. Etheostoma swannanoa Jordan & Evermann. South Fork of Swannanoa River at Black Moant- 

ain, N. C. ; Middle Fork of Holston at Marion ; South Fork of Hulston at Holstein Mills. 

13. Etheostoma verecnndum Jordan & Evermann. Middle Fork of Holston at Glade Spring. 

14. Etheostoma. Species nova. Tippecanoe River at Marshland, Ind. 

The streams examined may be grouped as foHows : 

A.— Potomac River : 

1. East Fork of Shenandoah River, Luray, Va. 

2. Hawksbill Creek, Luray, Va. 

3. East Fork of Shenandoah River, Waynesborough, Va. 

B. — James River : 

1. James River at Lick Run, Va. 

2. Elk Creek near Natural Bridge, Va, 

3. Cedar Creek at Natural Bridge, Va. 

4. Buffalo Creek near Lexington, Va. 

5. North River at Loch Laird, Va. 

6. Swift Creek near Petersburgh, Va. 

C. — Dismal Swamp (Elizabeth River) : 

L. Jericho Canal (o itlet to Lake Drummond), Suffolk, Va. 

2. Shingle Creek near Suffolk, Va. 

3. Spring Creek, Suffolk, Va. 

4. Canal feeder, Wallacoton, Va. 

5. Dover farm (ditch), VVallaceton, Va. 

D.— Chowan River: 

1. Blackwater River, Zuni, Va. 

E. — Roanoke River: 

1. Bottom Creek near Alleghany Spring, Va. 

2. Roanoke (Staunton) River ut Roanoke and at Salem, Va. 

3. Mason's Creek near Salem, Va. 

4. Back Creek at Poage's Mill, Va. 

F. — Pamlico River: 

1. Tar River at Rocky Mount, N. C. 

G. — Neuse River: 

1. Neuse River at Millbumie, near Raleigh, N. C. 

2. Little River at Goldsborougli, N. C. 

3. Moccasin Swamp near Goldsborough, N. C. 
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H. — Cape Fear River: 

1. Reedy Fork of Haw River at Folk's Mill. 

2. Spring Branch. 

3. South Ruffalo Creek near Greensborongh, N. C. 

4. Little AUemance Creek near Greensborongh, N. C. 

I. — Great Pedee River: 

1. Little Yadkin River, or South River, at South River Post-office, near Salisbary, N. C. 

2. Second Creek near Salisbury, N. C. 

3. Jumping Run near Salisbury, N. C. 

J.— San tee River: 

1. Catawba River at Marion, N. C. 

2. Buck's Creek at Pleasant Garden, N. C. 

3. John's River near Morganton, N. C. 

4. Catawba River at Morganton, N. C. 

5. Pacollet River at Clifton, near Spartanburgb, S. C. 

6. Tiger River near Spartanburgb, S. C. 

7. Forest Creek near Spartan burgh, S. C. 

K.— Kanawha River: 

1. Peak Creek, Pulaski, Va. 

2. Little Peak Creek, Pulaski, Va. 

3. Reed Creek, Wytheville, Va. 

4. Hatchery Stream, Wytheville, Va. 

L. — Holston River: 

1. South Fork, Holstein Mills, Va. 

2. Middle Fork, Marion, Va. 

3. Middle Fork, Glade Spring, Va. 

4. North Fork, Saltville, Va. 

5. Beaver Creek, Bristol, Tenn. 

6. Watauga River, Elizabethtown, Tenn. 

7. Doe River, Elizabethtown, Tenn. 

M. — French Broad River: 

1. French Broad River near Asheville, N. C. 

2. French Broad River at Hot Springs, N. C. 

3. Spriu^ Creek at Hot Springs, N. C. 

4. North Fork Swannanoa River near Black Mountain, N. C. 

5. South Fork Swannanoa River, Black Mountain, N. C. 

6. Swannanoa River near Asheville, N. C. 

N. — St. Joseph's River: 

1. At Mishawaka, Ind. 

O. — Illinois Basin (Kankakee River), Yellow River: 
1. At Plymouth, Ind. 

P. — Upper Wabash River: 

1. Blue River, Columbia City, Ind. 

2. Eel River at Logansport, Ind. 

3. Lake Maxinkuckee, Indiana. 

4. Tippecanoe River, Marshland, Ind. 

5. Deer Creek, Camden, Ind. 

Q. — Lower Wabash River: 

1. Wabash River at Vincennes, Ind. 

2. Wabash River at New Harmony. Ind. 

3. Black River at New Harmony, Ind. 

4. Gresham's Creek at New Harmony, Ind. 

5. Patoka River, Patoka, Ind. 
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Q. — Lower Wabash River— Continned. 

6. Big Creek, Lynn Township, Posey County, Ind. 

7. Wabaah River at Maokey^s Ferry, Ind. 

R. — Lower Ohio River : 

1. Big Pigeon Creek, Evansville, Ind. 

2. Cypress Swamp, Monnt Vernon, Ind. 

S.— White River: 

1. White River (West Fork), Spencer, Ind. 

2. Eel River, Cataract, Ind. 

The following is, in brief, the itinerary of the sammer's work : 

•Tilly 24. — Left Washington, in company with Prof. O. P. Jenkins, for Lnray, Va. 

Juljf 25, 26. — At work about Lnray. 

Juljf 27. — At WaynesboroQgh and Loch Laird ; joine<l at Lexington by Prof. B. W. Evermami. 

JhI^ 28. — At Lexington ; drove to Buffalo Creek. 

JWly 29, 90.— At Natnral Bridge ; drove to Elk Creek. 

Jul^ 3L— Roanoke. 

Jugm$i I, — At Salem ; drove to Poage^s Mill. 

AmguH 2.— At Salem. 

August 3. — At Alleghany Springs; drove to Bottom Creek. 

August 4, 5. — At Pulaski. 

August 6.— At WytheviUe, 

August 7. — At Marion ; drove to Holstein Mills. 

August 8.~At Glade Spring, Va. 

August 9. — Drove to Saltville, Va. 

AugHftt 10. — At Bristol ; drove to Beaver Creek, N. C. 

August 11, 12. — At Johnson City ; drove to Elizabethtown, N. C. 

August 13, 14. — At Hot Springs, N. C. Prof Seth E. Meek takes the place of Professor ETermann, who 

is compelled to return home. 
August 15, 16.— At Asheville, X. C. ; drove to Long Shoals and Swannanoa River. 
August 17, 18, — At Spartauburgh, S. C. ; drove to Clifton and to Tiger River. 
August 19, 2l\ 21. — At Black Mountain ; drove to North Fork. 
August 22. — At Marion. X. C : drovo to Plo.isant Garden. 
August *Z^, — At Morganton : dro\o to Joluvs Kivor. 
August 24.— At Salisbury : dnno to South Rivor. 

August ""2^^ 2l>. — At Grconsborough : tirovo to Koody Fork and Allomanre Creek. 
August 27. — Was oonipelUtl to return bt»me, leaving PniffssoiN .Tvnkins and Meek to complete the work. 

•Tenkins and Mo«^k go to Raloigh and drive to Millbumie. 
August 28. — At GoldalH^n>ugh. \. 
Jti^tr/»/ 29.— At RtKky Mount. N. C. 
August ^\, Scptnnhfrl, — At Suffolk, Va, 
Septemhrr^2, 3. —At Wallaoeton. Va. 
Septewhcr 4, «^. — At Norfolk, Va. v Marine collections.) 
Sfpt<mh«r 6. — At Zuni, Va. 
September 7. — At Petorsburgh. Va. 
Sepiemher >.—\t Clifton Forge. Va. At this time. floo*ls on the .Tame? and Kanawha Rivers made tl m 

completion of the work im]>os>ible. .-ind Pn>fess*>r> Jenkins a:.d Me»k rrturned home. 
Septfffthn^ T.— Pnife>M^r K\ ermann an»i Mr. tollman began work in Indiana, at SiH-DcerandCataraettliid. 
Sipteiuher 10. — At F.vansxille and Mount Vernon, Ind. 
Se}>tfmh(T 11. — At Mack* y's Ferr>. hu\. 
Septrmher 12, liv— At New Harmony. Ind. 
SepffTuhfr 14.— At Paioka. Ind, 
Sff^tershct' ir>. — At Vinct-nnes. ln«l. 
Stptemher l«v— Mr. IV-illnunn n'tumo*! home, giving place to Mr. AU»en J. Woolman, a Btodont of 

Profe«SH>r Kv ermann. 
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Stpiewiber 17.— At Mishawaka, Ind. 
September 18. — At Plymouth, Ind. 
September 19. — Lake Maxiiikackee. 
September i^O. — At Marshland, Ind. 
September 21, — At Logausport, Ind. 
September i^, — At Camden, Ind. 

Here cold weather caased the relinquishment of the work for the present season. 
On November 5 a small collection was made by Mr. W. E. Glapham in Blue Biver, 
Columbia City, lud., and by him turned over to the U. S. Fish Commission. 

A.— THE POTOMAC RIVER. 

The Shenandoah Biver is one of the chief tributaries of the Potomac, into which 
it flows from the southwest at Harper's Ferry. The Shenandoah is a comparatively 
clear, swift stream, having its rise in cold springs, it flows between two parallel 
ranges of mountains, chiefly over limestone rocks. In dry weather the waters of the 
Shenandoah are decidedly bluish in hue, like those of most limestone streams, but 
after rains they are stained with the red color of the soil. 

Collections were made at three points in the Shenandoah Valley, as follows: 

1. Shenandoah River {Ea8t Fork) at the ford and ferry, 5 miles west-northwest of 
Laray Village. — At this point, below the milldam, the stream is rather broad and shal- 
low, with considerable current. The bottom is covered with loose rocks and pebbles, 
with occasional outcrops of rocks in place. In some quiet spots the bottom is rather 
muddy, and there are numerous water weeds. This is a good locality for seining, but 
fishes are somewhat scarce, and not many kinds were found. The temperature July 
26 was 780 Fahr.» 

2. Hawksbill Creek from Luray to a point about one-half mile below the town. — A 
rather swift, shallow stream, 8 or 10 feet in width, the bottom very stony, and slimy in 
the quiet places. The water is warm and far from clear, being stained yellow by 
clay. Temperature July 25 was 80^ Fahr. 

3. Shenandoah River {East Fork) at Waynesborough, Va. — At this point, near its 
source, the river is clear, flowing over a rocky or gravelly bottom. The water is cold, 
most of it coming from a few large springs, some of them near Waynesborough, all 
within 4 or 5 miles of the town. The temperature July 27 was 09^ Fahr. 

In the following list of species those found in the Shenandoah River near Loray 
are marked S, those in Hawksbill Creek H, and those at Waynesborough W. 

X. Ameiurus nebulosus (Lc Sueur). S., H. 

Small specimens common in mud and weeds. A. 21. 

2. NotnruB inaignia (RichardHou). ** Mad- Tom." 8., II. 

Rather common among weeds. Well known to the negroes here, as elsewhere in 
Virginia, by the appropriate name of Mad Tom. Color, light yellowish brown ; the dor- 
sad, anal, caudal, and pectorals edged with black in the adult. 

3. Angnnia anguUla (L.). ** EeU' H. 

Frequently taken. 

4. CatostomoB teres (Mitchill). S., H., W. 

Very common in sluggish waters. 



1 All of the temperatures mentioned in thi^4 report relate to the water in the streams. 
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5. Cfttoctomiui nffvloaiis (Le Snear). 8., H , W. 

Equally common, bat id swift waters. 

6. HfbogDattuM irooliJdii AKumiz. W. 

Three rather small specimens. Compared with examples from Parke Goanty« 
Indiana^ these are a little less elongate and darker in color, with a plombeoos lateral 
Imnd^ and l>ai;k and sides thickly punctate. 

7. Notropi* megalopa (RafinMqne). H., W. 

Common only at Waynesboroagh. 

8. Notropls maodonaldi, Jordan Sc JeDkios. W. (Jordan & Jenkins, Proc. U. 8. Nat. Mna., 1888, 

p, 354). 

Five Specimens. The types of this interesting new species were obtained in the 
cold waters at Waynesboroagh. 

9. Notropia analoatanua (Oirard). 8., IL, W. 

Common. Compared with specimens of the western species or variety, JT. whipplei 
fl*om White Kiver, Indiana, the Virginia examples are less elongate (depth of adult 
male 3^ in length instead of 4) and the scales are larger (lat. 1. 34 or 35 instead of 38 
to 40). TiieHc characters, already noticed by Professor Cope, seem to be reasonably 
C/onstant. For the present, therefore, I retain N. analostanus as a species distinct from 
JV, tchipplei, 

10. Notropia amoenua (Abbott). S., W. 

(yonimon, cHpfMiially at Luray. This species is closely related to N. rubrifrons, bat 
(lo,e|M)r in bcMly, more compressed, and with notably smaller scales before the dorsal. 
These Hpecinieiis vary a good deal among themselves, those from the river at Laray 
being larger, much paler in color, and with decidedly larger eye as compared with 
those from Waynesborough. The latter resemble N. rubrifrons more closely than the 
former, but all probably belong to the same species. 

The largest speciimens ap))roacli in form the rather poor figure given by Abbott of 
his AlburnellvH amwnm^^ and they are probably Hpecifically identical with the latter, 
as Abbott's doHcripMon agrees in all essential respects. Head, 4; depth, 5^ (4f to 
5j). I). 8, A. 10. Scales, <>-,'J9-3. L(Migtli (Luray), 3g^-inche8. Body elongate, com- 
pressed, the form varying somewhat. I lead sub-conic, more or less compressed; eye 
large, rather longer than snout, about \^\ in head, its size largest in Luray si)ecimen8. 
Mouth large, obli(|ue, the maxillary reaching to just past front of eye, the jaws aboat 
espial when the nu>uth isclose<l. Scales of back smaller than in related species, there 
being 2*J to 25 (ranUy IS t^) 20) rows between the occiput and the dorsal fin. Lateral 
line mueli decurved. Dorsal fin inserted behind ventrals, rather high, and rather 
large, its IVee edge eoneavo ; pectorals moderate, scarcely reaching ventrals, which 
extend to vent. Color translucent green; sides silvery, in some specimens a faint 
plumbeous band ending in an obscure ])lunibeous spot. Some specimens with dark 
points along lateral line. Fins plain. 

This species is abundant in the river channels, both at Luray and at Waynes- 
borough. Numerous speeimens were taken. SpiHMUiens from the Potomac similar to 
tliese have been fornn»rly identified by me as Xotropis photogenis (Coi>e). It may be 



* Abl»ott*H Amor. Nut. viii. p. ;n4. Oolaware aud Raritau Kivers. 
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that this identification is correct, bat as yet I have not fonnd a gennine photogenis in 
Atlantic waters. 

11. Notropis proone (Cope). 8. 

Bather common in the river. These specimens agree very well with Professor 
Cope's description of Hybopsis longiceps^ except in the form of the preorbital bone, which 
is bnt little longer than deep. Compared with N. microstamtis {RsAuesque)=(N. delioio- 
SU8 stramineus) from White River, Indiana, N. longiceps differs chiefly in the higher fins, 
more elevated back, slenderer tail, and more rapidly ascending profile. The scales 
are a little larger in N. longiceps (lat. 1. 34), and the dark punctnlations along side and 
at base of candal are more conspicuons. There is a striking difference in the height of 
the dorsal fin,1t8 longest ray being abont as long as head in If, longiceps adult, and abont 
three fourths head in N, microstomus of the same size. The lateral line is also less 
decurved in N. longiceps than in the other. 

I have no specimens oi Notropis procne for comparison. My specimens agree with 
Cope's description of the latter and with my own notes on it. I therefore regard 
longiceps as a synonym of procne, 

I may here note that Hemitremia vittata Cope, from the Holston, seems to be the 
same as Phoxinus fl4immeus Jordan and Gilbert. The teeth are described by Cope as 
4-5 instead of 2, 4-5, 2, but in other respects Cope's description agrees with our speci- 
mens. The species may stand as Phoxinus vittatus. 

12. Phozinus margaxitus (Cope). S. 

A single specimen. Head, 4 iu length ; depth, 4^; A. I 9 (not I 8); dorsal low; 
scales, 58; lateral line incomplete, the pores mostly ceasing not far behind middle of 
body; body dusted with black specks; a narrow lateral streak of plumbeous on cau- 
dal peduncles. 

13. Hybopsis kentuckiensis (Rafineaqne). S. 

Common in the river. 

14- Semotllas buUaris (Rafinesqae). S. 

One small specimen. 

15. Semotllas atromaculatos (MitchiU). H., W. 

Scarce. Lat. 1. 5;^ to 60. 

16. Rhinichthys atronasus (MitchiU). S.,H.,W. 

Very common in brooks and springs, scarce in the river. Lat. 1. 63. A black lat- 
eral band, with yellow or orange below it. Scales of back more or less mottled. 

17. Rhinichthys cataractae (Cuv. <& Val.). S., H., W. 

Very common. Lat. I. 62; snout much projecting; insertion of dorsal midway 
between anterior nostril and base of caudal. 

18. Bzoglossum mazillingaa (Le Sueur). '^ Nigger- Dick J^ S.,H.,W. 

Very common in the river. Lat. 1. 52. 

19. Fandiilas diaphanus (Le Snenr). S. 

Two large specimens from the river. Lat. 1. 44. Body in one specimen with 
abont 15 silvery cross-bands, most of them narrower than the dark interspaces; back 
and fins unspotted. The second specimen has about 11 very narrow dark cross-bars, 



104 BULLETIN OP THE UNITED STATES FISH COMMISSION. 

not one-third the width of the interspaces, which are of the color of the body ; back 
with some dark spots. 

20. MicropteruB dolomieu (Lac^pMe). S., W. Seen also at Harper's Ferry. 

Common. The black bass is not a native of this river, but was introdaced from 
the Ohio into the Potomac some thirty^ years agro. 

It is evident that the species finds congenial surroundings in the Shenandoah. 

21. IiopoxniB auritus (L.). S., H., W. 

Gommon, especially in deep eddies and below logs. Scales on the cheek small, in 
7 or 8 rows ; scales on breast small. 'These correspond to the typical variety auritus 
in McKay's arrangement. (See Jordan and Gilbert, Synopsis, p. 477.) 

22. Lepomia gibboaua (L.). W. 

One large specimen taken at Waynesborough. 

23. Etheoatoma flabellare (Rafinesque). S., H., W. 

Very abundant. These specimens are similar in color to others from Indiana and 
from Cayuga Lake, New York. The only difference noticeable is that the pectoral fins 
of the male are faintly barred in Virginia specimens, not in the others. The body in the 
Virginia specimens is on the average a trifle deeper, and the tubes of the lateral line 
are developed slightly farther on the average than in western specimens, but these 
dififerences do not justify separate names. 

24. Etheoatoma nigrum (Kafinosque). Var. effulgena Girard. S., H. 

Very common, especially in shallow water among weeds ; not found in the colder 
waters at Waynesborough. 

These specimens seem to correspond to the Arlina effulgens of Girard, described 
from a tributary of the Potomac. The coloration is that usual in this species and the 
dark bar below eye is very well marked. The males have the dorsals extremely high, 
the membranes largely black, the rays spotted with white ; seven dark cross-blotches 
on back ; eight faint dark marks on side ; a small spot at base of caudal. D. IX-13, 
A. 1, 9. Scales 43, 43, 44, 47, 49, in five specimens. Length of largest, 3f inches. 
Oi)ercles scaly; cheeks, nape, and breast naked ; usually one or two scales on cheek 
behind eye. 

An extended comparison of specimens of *' Boleo8oma^ from various parts of the 
country has convinced me that olmstedu effulgensj atromaculatum, vexillare^ and 
maculaticeps must all be regarded as forms, or at the most, subspecies under Etheostoma 
nigrum. Individual variations are numerous and perplexing and in large series; 
iiitergradations of all sorts appear. 



1 Coniiuoii report at Luray places tlio intruductioii of tlio black ba88 at about 1876. This date, 
bowever, is certainly incorrect, for Professor Cope says in ld()9 (Journ. Ac. Nat. Sci. Pliila., 1H69, p. 
217): *^It appears from statements made to mo by J. Delaplaine, of Wbeeling, and Prof. J. H. Davis, 
of Roanoke College, Virginia, that the Mlvropterus [rfo/r>mu'M] was introduced from sixteen to twenty 
years ago into the headwaters of the Potomac from the Ohio, and that they have greatly increased 
since that time. They are now said to be very abundant in the Shenandoah. \\y subwMiuent refer- 
ence to the Smithsonian Report for lrtr)4 (p. 290), 1 tind that this fact has been recorded there by Mr. 
John Kotr, of Wheeling, who stat^^s that this transfer, which has been ko successful in its results, was 
made by Mr. William Schriver, of the same place." 
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Gomparing specimens ofE. nigrum from Raccoon Creek, Parke Gonnty, Ind., with 
the Luray fishes, I note that the western U. nigrum is a slenderer fish, with the dark 
spots smaller ; the black bar below eye almost obsolete, the snout longer and less 
blunt, a little longer than eye in Indiana specimens, a little shorter in those from 
Luray. Mouth in U. ni^nt7;i a littlelarger and less oblique. Scales 48 to 50 in JJ.m^rnem, 
tbe cheek always naked. D. iX, 12. BoleoHoma maculatum Agassiz and B. brevipinne 
Cope are identical with B. nigrum. 

25. Cottus bairdi Girard. H. W. 

Common about springs; very abundant at Waynesborough. Our specimens cor- 
respond to var. carolince, Gill. It seems to me that the name Cottus should be retained 
for this group, rather than for the marine forms. 

The original application of the word Cottus was to the Miller^s Thumb of Europe, 
Cottus gobio L. The genus Cottus of Linnaeus, however, included the marine sculpins as 
well as the Miller's Thumb. Six species are placed in Cottus by Linnaeus in the t^nth 
edi tion of the Sy stema Naturae, cataphractus^ quadricorniSj grunniens^ scaber^ scorpius, and 
gobio. Of these species, the first, third, and fourth were early removed as types of other 
genera, and do not belong to the Cottidoe as now understood. The question at present 
relates only to C. scorpius and C. gobiOj as to which should be considered the type of 
the genus Cottus. 

The name Cottus is taken from Artedi, the author who first used the word in a 
properly generic sense. The species described by him form the bases of the Linnaean 
names, and were gobiOy quadricomis^ scorpius^ and cataphractus. From the synonymy 
given by Artedi it appears that the name Cottus was adopted by him from Gaza and 
other early writers, all of whom used it only for the Cottus gobio. The word is followed 
back by Artedi to the liinrffq of Aristotle, which he says is written Kotro^ {K6tto(:) in 
old manuscripts in the Vatican library. So far as ancient usage goes, the name Cottus 
would belong to Cottus gobio. But under our present rules ancient usage would count 
for nothing in determining the type of a modern genus. Each of the species called 
Cottus by Linnaeus would have an equal right to be regarded as the type of the genus. 
We should therefore ascertain which species was so selected by later authors who have 
subdivided the genus Cottus. 

About 1735, Steller discovered one of the species of this group, apparently the one 
since called polyacanthocephalus (Pallas) and jaok (Guv. & Val.), a near relative of 
C. scorpius. The description left by Steller was published by Tilesius in 1811 (M6m. 
Acad. Petersb., 1811, iv, 273) under the name of *' Myoxocephalus stelleri.^ 

The word ^^ Stelleriy^ as is evident from the usage of Tilesius elsewhere, is not 
intended as a specific name, but as the authority for the generic name Myoxocephalus. 
No specific name is given by Steller, who was a non-binominal writer, previous to 
Linnaeus, and none is supplied by Tilesius. The name Myoxocephalus may therefore 
be disregarded. 

The next authors concerned are Guvier and Valenciennes (Hist. Nat. Poiss., ly, 
1829, 142), who make this remark of the genus Cottus, restricted by them to the 
"Chabots" goMoy etc.), and the ♦'Chaboisseaux" (scorpiuSj etc.): "Ge genre avait pour 
type primitif un petit acanthopterygien de nos rivieres" (♦. «., C. gobio L.). This 
stat-ement should apparently be regarded as a selection of Cottus gobio as tbe type of 
Cottus in the moderu sense of the word '' type." 
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In 1842 DeKay gave the generic name Uranidea to an American species (^t- 
e8cen8z=:graciU8), congeneric with G. gohio. Evidently DeKay was unacqaainted with 
C gohiOj and regarded his Uranidea as a new type in the family. 

In 1850 Girard, recalling that the type of CoUu% of Gaza, Artedi, and Gnvier was 
C. gohU)^ proposed to separate the genus Coitus as then understood into smaller 
genera, retaining the name Gottus for the "Chabots'' of Ouvier, and giving to the 
"Chaboisseaux'^ the new name of AcanthocoUiL9. 

Girard remarks: ^'Had the name of Gottus belonged to the marine species of the 
group, instead of being founded on the fresh-water G, gobiOy the new name Acantho- 
cottus would have been unnecessary. In that case we might have called the fresh- 
water species Uranidea^ and the marine ones Gottus^ with equal propriety, although 
the original idea of the genus Uranidea was a mistake of the author." (Girard, Mon. 
Cottoids, 1850, 9.) 

In 1863 Putnam remarks : 

" We do not see the necessity of the name AcanthocottuSy proposed by Girard for 
the marine species of the old genus Gottus, when DeKay, many years before, by giving 
the name of Uranidea to one of our fresh-water species, recognized the two genera. 
It may be that DeKay did not have the Cottus gobio in view when he proposed the 
name of Uranidea, but his U. quiescens is the American representative of the Cottus 
gobio of Europe ; and, therefore, as he was the first to distinguish the two genera 
included under the name of Coitus, his name should be retained for the fluviatile 
species, and that of Cottus for the marine, called by Girard Acanthocottus. 

"If the principle adopted by Girard were followed it would involve the change of 
such a large number of generic names as to create the greatest confusion in nomen- 
clature.'' (Bull. Mus. Comp. Zool., 1, 2, 1863.) 

Later American writers have adopted these views of Putnam, while European 
authors, without exceptiou, have left the two groups together under the name of Coitus. 
It seems to the writer most natural to regard the two groups as separate genera. 

To decide which of these genera should be known as Cottus, we may now recapitu- 
late the evidence. 

(1) If we take ancient usage as our guide, the type of Cottus is G. gobio, and the 
scorpius group should stand as Acanthocottus, the earliest generic name applied by a 
binomial author. 

(2) If we take the first definite and explicit assignment of a type to Gottus 
(Ouvier, 1829, or Girard, 1850), we have the same result. 

In my opinion the view stated under (2) should be adopted, and Gottus should 
stand for Cottus gobio, and Acanthocottus for C. scorpius and its marine congeners. 

The following is an outline of the synonymy of the two groups : 

COTTUS (Artedi), LinniBus. 
(Miller's Thumbs; CbabotB.) 

CottnB Gaza, RoDdelei, and of the ancieDts. 
<CottUB Artedi, Genera Piscium, etc., 1738. 
<^Cotta8 LinnsBUs, Systema Natura), 1758, 264 (including diverse elements besides gohiOf 9corpiu8, etc.), 

CottUB Cavier, R^gne Animal, ii, 1827 (restricted tu the *'Chabots" {gobiOy etc.) and the **Cha- 
boifiseaux" (eoorpiuSf eto.)* 
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Cottus Cnvier & Valencieimes, Hist. Nat. Poiss., iv, 1829, 142 (gobiOy mentioned as ** type primitir'). 

Uranidea DeKay, N. Y. Fauua, Fishes, 1842, 61 {quie8cen8=gracili8). 

CottUB Girard, Proc. Bost. Soc. Nat. Hist., la^O, in, 18:5, 303 (gobio). 

Cottopaia Girard, Proc. Bost. Soc. Nat. Hist., in, 1850, 303 (asper). 

Uranidea Pntn am, Bull. Mns. Comp. Zool., i, 18()3, 2 {graoilis)^ and of recent American writers. 

Potamocottua Gill, Proc. Bost. Soc. Nat. HiHt., viii, 40, 1S61 (punctulatus), 

Tauridea Jordan & Rice, Jordan, Man. Vert. E. U. S., ed. 2, 1878, 2&5 (rioei). 

ACANTHOCOTTUS, Girard. 

(Sculpins; Chaboisseaux.) 

^Cottus Artedi, Genera Piscium, etc., 1738. 

<CottUB LinDff'Us, Systema Naturaj, 1758, 264 (in part). 

MyozocephaluB Steller MSS, Tilesius, Mdm. Acad. Petersb., 1811, iv, 273 (non-binomial ; no spe- 
citic name; description from M. polyacanthocephalusy Pallas). 
<CottU8 Cuvier, Rfegne Animal, ii, 1827 (Chaboisseaux). 

Acanthocottua Girard, Proc. Bost. Soc, in, 1850, 183, 30^ (variabilisy acorpiuSf etc.). 

Cottua Putnam, Bull. Mus. Comp. Zool., i, 186:J, 2 (scorpius). 

BoreocottuB Gil), Proc. Acad. Nat. Sci. Pbila., 1859, 166 (axillaris). 

PorocottUB Gill, Proc. Acad. Nat. Sci. Pbila., 1859, 1(56 {quadriflis), 

MegalocottUB Gill, Proc. Acad. N.at. Sci. Pbila., 1861, 166 (platycephalus), 

Oncocottua Gill, Proc. Nat. Sci. Pbila., 1862, 13 (quadricornia ; possibly a valid genua). 

The oldest name possibly applicable to this species is Cottus cognatus of Richard- 
son, based on specimens from Great Bear Lake. As oar species is very abundant in 
Lake Superior, it is not unlikely that this cognatus is the same. Richardson's descrip- 
tion agrees well with our Lake Superior specimens* but it is too brief to give certainty 
of identification. The Cottus richardsoni of Agassiz, from Lake Superior, seems to be 
not specifically different from specimens from Virginia, Kentucky, and Missouri. The 
name richardsoni should not be used, as the earlier Tra^chidermis richardsoni of Efeckel 
is also a Cottus (= Cottus a^per^ Richardson). The oldest unquestionable name is ap- 
parently that of Cottus hairdi Girard. 

For the present, then, the commonest American CottuSy the miller's thumb, blob, 
mull-head, bull-head, or muffle-jaws, may stand as Cottus hairdi. 

Crayfishes were abundant at Waynesborough, but none were seen at Luray. 
The fish fauna of the Shenandoah, as a whole, does not seem to be a rich one, notwith- 
standing the favorable character of the waters. This fact accords with the view 
already stated by me (Science Sketches, p. 114), that connection with a large hydro- 
graphic basin is one of the chief elements in giving to a river a varied fish fauna. A 
large number of the species found in the Kanawha or the Holston would doubtless live 
and multiply in the Shenandoah if they could get there. Probably the channel cat 
{Ictalurus punctatus) could be as profitably and as successfully introduced as the black 
bass has been. 

B.— THE JAMES RIVER. 

The James River has its rise in the Alleghany Mountains in West Virginia. It 
breaks through the Alleghany Chain and the Blue Ridge, and then, a considerable 
river, flows eastward to the sea. Its waters for the most part are clear, and in its 
upper course comparatively cold. Most of its tributaries are swift, spring-fed mount- 
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ain streams ; even those of the lower part of the course have the same general char- 
acter, although most of these streams become muddy and yellow after rain. Heavy 
rains and consequent floods in the early part of September prevented the completion 
of our work in the basin of the James Elver. All our collections were made in streams 
of the hill country. It is known, however, that the fauna of the lowland course of the 
James resembles that of the Blackwater and of the Tar, described farther on. Col- 
lections were made in the James River basin at the following points : 

1. James River at Lick Bun, six miles east of Clifton Forge, at a point near where 
the river breaks through the Alleghany Mountaius. Collections made September 8. 
The locality is a good one for collecting, but the heavy rains had so raised the river 
that little work could be done. The same cause prevented any work being done at 
Gala Water, a station below Clifton Forge. This point will probably be found, in 
favorable weather, to be the best point lor making collections in the upper course of 
the James. It should be visited again. Species collected at Lick Run are marked -L. 

2. Elk Creek opposite Natural Bridge station, 4 miles southeast of the Natural 
Bridge. Collections made July 30; temperature about 68o. Elk Creek or "Dry 
Run'' flows into James River from the south, its mouth being a short distance below 
a point opposite the railroad station of Natural Bridge. It is one of the most attrac- 
tive streams examined by us ; a very clear, cold trout-brook, running over rocks and 
shingle, and having at intervals deep pools, some of them 4 to 8 feet deep, and 
most of them shaded by alders and other trees. The stream is remarkably well 
stocked with fall-fish« some of them in the larger pools reaching a length of more 
than a loot. Trout, are also very abundant, as is shown by the fact that five were 
caught with the Baird seine. A few specimens {Lepomis gibbosus^ Boleosoma nigrum^ 
Notropis amcenus^ Micropterus dolomieu) were caught in James River, at the mouth of 
this creek. Species from Elk Creek are marked E in the following list. In our 
work about Natural Bridge, we are under especial obligations to Colonel Parsons, pro 
prietor of the hotel at Natural Bridge. Colonel Parsons accompanied us himself to 
Elk Creek, and freely offered us the use of his team. 

3. Cedar Creek at Natural Bridge. — Cedar Creek is a small brook fed by springs, 
with cold and rather clear water. Across its gorge stands the famous Natural Bridge. 
Below the bridge it flows to the James River through a rocky ravine. Our collec- 
tions were made July 30 in a pool underneath the Natural Bridge. The stream 
being small and swift, contains but few species. By far the most abundant of these 
is Squalius vandoisulus. 

4. Buffalo Creek at and above Buffalo Mills, about 5 miles south of Lexington, 
Va. Collections made July 28 ; temperature 74^. Buftalo Creek is a rather clear, 
veiy swift stream, flowing over a very rocky bottom, and containing many broad 
shallows, deej) pools, and some small water-falls. The north side of the stream is 
largely abru])t and rocky, the south side shaded by sycaniores and willows. The 
water is warm, but in most res|)ect8 the stream is well adapted for collecting, 
e8f)ecially below the dam at Bufl'alo Mills. Bufl'alo Creek is a tributary of North 
River, joining the latter near its mouth. Species from this stream are marked B. 

5. North River *dt Loch Laird Station, about 6 miles northwest of Balcony Falls, 
Va. Collections made July 27 ; temperature 76^. North River is a rather clear, 
swift hill stream, rising near Lexington, V;i., aiid flowing into the James River above 
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Balcony Falls. It was in earlier times converted into a canal by an elaborate system 
of dams and locks. Oar collections were made at a point a few rods above the wagon 
bridge at Loch Laird. The dam below this point is now broken through. The stream 
is shallow and rather swift, running over gravelly bottom. The banks are covered 
with willows, and along the shore is a thick growth of Ruellia. I^ot much time was 
spent here, and the space fit for seining which can be worked is small. Species taken 
in the North River are marked N. 

6. Swift CreeJc, about 6 miles north of Petersburgh, Va. Collections made Sep- 
tember 6. The collections in this stream were made during a heavy rain and 
under unfavorable circumstances. Immediately below the dam in Swift Greek the 
stream is very rocky ; lower, its current is less rapid, wtth deep holes here and there. 
Although this stream is one of the tributaries of the low^r course of the James, its 
fauna is essentially that of the upland streams. The noteworthy difference consists -p^ 
in the presence of the shad, rockfish, gizzard shad, and pike. The shad and rockfish 
come up the stream to spawn in spring and the young remain in the stream through 
the summer. In the lowland course the large-mouthed black bass takes the place of 
its more active congener. The species from Swift Greek are marked S. 

1. Ameioms albidus (Le Sueur). N., L. '^ Channel Cat/' 

Not rare. A. 21, 23. Golor rather dark in young specimens. 

2. Ameiurus nebulosus (Le Sueur). B., N. 

Not rare, in sluggish places in the larger streams. 

3. Notums inaignis (Richardson). B. ** Mad-Tom." 

Not rare in weedy places. 

4. Catostomus teres (MitchiU). B., L., £. 

Gommon in sluggish waters. 

5. Catostomus nigricans (Le Sueur). B., L., N., E. 

Gommon in swift waters. 

6. Mozostoma cervinum (Cope). B., £. 

Very common in swift waters, especially in water-falls and in the pools at the foot 
of dams. 

Young specimens in life have the back dark brown, mottled with black blotches 
which extend (tn the sides; side with a well-defined coppery band, broader than the 
eye; belly below this band abruptly silvery, a blackish blotch on tail before base of 
caudal ; base of caudal pale orange ; caudal dull orange, the membranes black ; nos- 
tril and edge of opercle pale orange. Older specimens lose the orange lateral band, 
and in still older ones light stripes follow the rows of scales on the back. 

This little sucker is too small to be of much economic value. It rarely exceeds 8 
to 10 inches in length. 

7. Hybognathus nuchaUs Agassiz. L. 

Scarce in the river channels. 

8. Ezoglossum maxiUingua (Le Sueur). C, B., N. ''Nigger-Dick.** 

Very common, though not in cold nor very swift water. A rather sluggish spe- 
cies, living on the bottom. 
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9i Hotropis proone (Cope). S., B. 

Common, especially in the creeks, in water not very cold. Specimens from Swift 
Greek have the back rather broader and less elevated than in those from Luray. 
Scales 35; scales of back dark-edged ; a lateral streak made of dark points; twofaiut 
dark spots, one behind the other, at base of candal. This is a very characteristic color- 
mark, at least traces of it being fonnd in all specimens. 

10. Notropis salndanus (Jordan & Bray ton). 8., E. 

Common in Swift Creek only. Color pale; a dark caudal spot in young only. 
Interorbital width, 3 in head ; head, 4| in length. 

11. Notropis mbrifrons Cope (va^.f). B., E. 

Common in the creeks, especially in Buffalo Creek. Color silvery ; snout, chin, 
and bases of all the fius rosy iu the males only; twenty scales before dorsal. Usually 
no black at base of aual. This species shows much variation in form. Some are very 
slender, the depth 6 iu length, but most have the depth 5^. These all have the dorsal 
about two scales nearer in its insertion to snout than to fork of caudal. 

Two specimens from Buffalo Creek agree in most respects, but are decidedly deeper 
and more compressed, the depth 4J in length ; the lateral line proportionately more 
curved and the dorsal further forward, only a scale nearer base of caudal than to tip 
of snout. In these the pectoral is also longer, almost reaching base of ventrals. The 
eye in all is 3 to 3^ in head. Probably all belong to one species, but, if so, the varia- 
tions in form are unusual. Compared with Indiana specimens of X. ruhrifrons these 
have the eye a little larger and the head a little shorter (eye 3^ to 3^ in head, not 3§ 
to 4). Notropis dilectus (Girard), Arkansas to Texas, is very close to N. ruhrifrons. 

Specimens from Ked Eiver, Arkansas, are more compressed, with shorter snout^ 
bluntish and not as long as the small eye, which is 3 in head. Head 4} in length, 
twenty scales before dorsal. 

12. Notropis amcBnus (Abbott). L., S., N. 

Common in the channels of the larger streams. This species is quite variable, and 
some examples are scarcely distinguishable from N. ruhrifrons. It reaches, however, 
a larger size. It is usually deeper in body, with smaller scales before dorsal and no 
red even in the males. A. 11. In Swift Creek specimens are usually but nineteen 
scales before dorsal. One of these specimens has a much deeper body, nine anal 
rays, and twenty-four scales before dorsal. Its appearance suggests a possible hybrid 
of amoenus and megalopSy though it may prove to be the young of the variety of N. 
megalopsj which is common in the Eoanoke. 

13. Notropis analostanus (Girard). L.,S.,B.,N.,E. 

Common ; specimens vary a good deal in form, but most are deeper in body than 
western specimens (depth 3f to 4^), and the scales in the lateral line are usually but 
thirty-five. 

14. Notropis macdonaldi Jordan <& Jenkins. B., N. 

One specimen from Buffalo Creek ; another from Loch Laird. 

15. Notropis megalops (Raiinosque). L., S., B., N., E. 

Common; similar to northern and western examples. 

16. Hybopsis kentuckiensis (Rafinesque). L., S. , B. , N., £. 

Common* 
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17. Semotilus bullaris (Rafinesqne). E.,L.,S. Fall-fish. 

Common in clear streams, in deep pools below swift water. Extremely abundant 
in Elk Creek, where it reaches a length of 15 inches or more. 

18. Semotilus atromaculatus (Mitchill). B. 

Scarce; in small streams only. Scales 50 to 62. 

19. Rhinlchthys cataractae (Cav. & Val.). B. 

Not rare, in swift waters. Scales 68. 

20. Rhinlchthys atronasus (Mitchill). E., C, B. 

Common, especially in cold, swift waters. Very abundant and brilliant in Elk 
Creek. Males in life sulphur yellow below the dark lateral band, this color fading to 
silvery on belly. Lower fins, especially pectorals, scarlet ; a scarlet dash at base of 
caudal. Black lateral band very distinct in all cases, not giving place to a red band 
as is usually the case in males northward. 

21. Squalius vandoisulus (Cuv. <& Val.). C.,E., B., L. 

Abundant, especially in swift brooks. The chief species found in Cedar Greek. 

The larger specimens are more elongate than the others (depth 4J in length). These 
have also a more or less distinct black lateral streak with a paler streak above it, both 
belly and pale streak being crimson in life. The smaller specimens have the lateral 
streak very obscure and confined to the caudal peduncle. These are deeper in body 
(depth about 3J). The number of scales ranges from 49 to 54 in both forms, and in 
both, the eye is longer than snout, 3 to 3^ in head. All specimens except the very 
young have the lower parts, especially forward, flushed with crimson. This color is 
much deeper in the larger and more elongate specimens, which are also frequently 
beset with small tubercles. These are evidently the males, and the others the female 
and young of the same species. 

It is probable that the nominal species funduloidesj affinis (=vandoi8uln8) are all 
based on sexual or other variations of one species. Squaliiis estor^ from the Cumber- 
land Eiver, is according to Dr. Gilbert not distinct from S. vandoisulus. 

22. Clupea sapidisBixna (Wilson). S. *' Shad." 

Young shad were taken in Swift Creek. 

23. Dorosoma cepedianum (Le Saear). S. 

Common in Swift Creek and lowland streams, not ascending to the uplands. 

24. Salvelinus fontinalis (Mitchill). E. 

Brook trout are found in all suitable tributaries of the James in the Blue Bidge 
and Alleghany Mountains. Some half dozen specimens were taken with the seine in 
Elk Creek about a mile above its mouth. 

25. Lucius reticulatuB (Le Saoar).^ S. 

Specimens were taken in Swift Creek, but the species does not ascend to the 
mountains. 



*Tn the earliest snbdivisioii of the Linnsean genus EsaXy that made by Bafinesque in 1810, 
E80X belone was selected as the type of Esax^ while to the genus of pikes the name Luciua was given. 
This arrangement must apparently staud. The pikes and pickerels will then constitute the genus 
Lucius Bafinesque and the family Luciidat, 
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26. Mloroptems salmoides (Lac^pMe). S. 

The Large-mouthed Black Bass is found only in the lowland streams. It is com- 
mon in Swift Greek. 

27. Microptenui doXomieu (Lao^pMe). L. 

The Small-mouthed Black Bass abounds in all suitable places in the upland tribu- 
taries of the James. Several localities, as Eagle Eock, Gala Water, Craig's Greek, 
etc., are noted among anglers for the abundance of bass. The species seems to be 
ind^enous in this river, though not in the Potomac. It rarely ascends the small 
creeks like Buffalo or Elk. 

28. Lepomis auritua (L. ). L., B., N., S. ** Yellow BeUy." 

This species is generally common in the tributaries of the James. It ascends 
streams further than the next species. 

29. Lepomis gibboBUB (L.). L., S., N. 

Generally common, especially in the Lower James. 

30. Roocus lineatus (Blooh). S. '*Rock.'^ 

Young specimens taken in Swift Greek. 

31. Etheostoma flabeUare (Rafinesque). B. 

Generally common, especially in swift shallow brooks. 

32. Etheostoma nigrum (Rafinesque) var. vexillare Jordan. B., L., N., S. 

Extremely common, except in the trout-brooks ; very variable. 

Many specimens from Buffalo Greek and the specimens from Loch Laird and Elk 
Greek apparently belong to the form called Boleosoma vexillare. None of these 
exceed 2 inches in length. The female of this fprm has the ordinary speckled colora- 
tion; the male is gray with the edges of the scales above more or less dusky, and the 
head is nearly black; spots on back and sides faintly marked. First dorsal very 
high, chiefly black, especially anteriorly; second dorsal and caudal spotted; ventrals 
and anal dusky or black. 

Gheeks and nape naked, opercles scaly. D. VlII-12, IX-11, IX-11, IX-12, 
IX-12, in five specimens. Scales 38, 39, 40, 40, 41, 42, 38, 38, 39, in nine specimens. 
Lateral line usually not quite complete. 

The original type of vexillare (from Rappahannock River at Warrenton) had D. 
VIII-10, scales 35, but was otherwise similar to these. Vexillare doubtless repre- 
sents a slight variety of ^. nigrum^ which may be called E. nigrum vexillare. 

The three specimens from Swift Creek are a little more slender, with smaller scales 
and the usual pale, speckled coloration. Scales 43, 45, 47, in three specimens. One 
of these has the cheek well scaled as in var. olmstedi. The others have the cheek 
naked as in vars. nigrum^ effulgens, and vexillare, 

33. Etheostoma longimane Jordan. B., N., E. 

This graceful little darter is very abundant in the tributaries of the Upper James, 
especially in weedy places where the current is swift. In Buffalo and Elk Creeks it 
was found to be the commonest of the darters. 

34. Etheostoma aspro (Cope &, Jordan). L. 

A single specimen, similar to those found in the Roanoke, was taken in the James 
River at Lick Run. Scales 64 ; cheeks scaly. 
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35. Etheostoma peltatum Stauffer. S. {Hadropierus maculatua Girard, not Alvordiue maculatva Gi- 

rard, which is E, asprOy and not Etheo»toma maculatum Kirtland. Etheostoma nevisense Cope ; 
Alvordiua crfusiis Jordan & Bray ton.) 

A renewed comparison of large Aeries of examples has convinced me that the 
nominal species, nevisensisj peltatus^ and crassus are identical, notwithstanding the dif- 
ferences in coloration and in the squamation of the head. 

The two specimens from Swift Creek have the coloration of E, nevisense with the 
almost naked head of peltatum. The largest is 2^ inches in length. 

Light straw color, the markings are all very dark, verging on jet black. Back 
with dark cross-blotches and irregular wavy and longitudinal markings above lateral 
line, mach as in E. dspro. Sides with six large couspicnoas square black blotches, 
about as broad as the interspaces and alternating with fainter bars of black. A faint 
dusky streak along lateral line. Top of head black ; a black bar below eye ; snout and 
opercle mostly black; nape with a pale spot surrounding a dark one; a dark band in 
axil ; 6 to 8 round spots on back ; first dorsal with a submedian black band and some 
black spots toward tip ; second dorsal and caudal obscurely barred ; ventrals and 
pectorals dusky. 

General form of E, aspro, from which this species scarcely differs except in the 
larger size of its scales. Head rather heavy, the snout bluntish in profile and about as 
long as eye; lower jaw slightly included, maxillary reaching just past front of eye, 3f 
in head. Gill membranes scarcely connected. 

Cheeks wholly naked; opercle with about 3 small scales above, sometimes naked 
on one side. Caducous ventral shields large and few in number ; nape and breast naked ; 
scales 6-52-9. D. XIII, 12. A. II, 10. Head 4 in length; depth 5§. Eye 4 in head. 

Fins all comparatively low an^ small ; pectoral a little shorter than head, barely 
reaching tips of ventrals, and nearly as large as second dorsal, its second spine a little 
slenderer and longer than first ; caudal lunate. 

Specimens from Carlisle, Pa., agree with these specimens, except that the black 
lateral spots are smaller and rounded. Scales 56. 

Etheostoma otuiehitce (Jordan and Gilbert), (specimens from Saline River, Benton, 
Ark., and from the Wabash River at New Harmony, Ind.), is extremely close to E. 
peltatum. E, oua^hitce has the head a little more slender, the pectorals longer, reaching 
past tips of ventrals, and four distinct black cross- blotches on back. 

Both species might be regarded as varieties of E. aspro were it not for the larger 
scales. 

36. Cottus bairdi Girard. E. **Mun-head." 

Very abundant in clear streams and spring runs. A mischievous fish; very 
destructive to the eggs of trout. 



C— THE DISMAL SWAMP (ELIZABETH RIVER). 



I'' 



The Dismal Swamp, which lies in the southeastern part of Virginia and the adja- 
cent portion of North Carolina, is a large marshy area, most of it heavily timbered with 
cypress and other trees. Near the center of the swamp is Lake Drummond, nearly 
circular in form, with a diameter of 5 or 6 miles. The waters of the swamp and the lake 
are free from sediment, but stained of a dark-brown color by the vegetable matter of 
the swamp. The lake water, in fact, is regarded as excellent for drinking purposes. 

Bull. U. S. F. C, 88 8 
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The fish fauna of the Dismal Swamp is essentially that of other marshy lowlands 
of the Soathern States, in which the underlying clays are covered by vegetable depos- 
its. Some of the species characteristic of the Florida fauna seem to find here their 
northern limit. Collections were made in the following localities within the borders 
of the Dismal Swamp. 

1. Jericho Canal near Suffolk, Va. — August 31 ; temperature, 73o. This canal is 
the outlet to Lake Drummond. At the time of collecting, the water was low, and the 
bottom of the canal had a dense growth of aquatic plants. The water was clear, but 
of the color of cider. The region seined extended from the point where the main road 
leading from Suffolk crosses the canal, down to its mouth in Shingle Greek. Species 
found here are marked J. 

2. Shingle Creek near Suffolk, Va. — August 31. This stream is a tributary of the 
Elizabeth River, Tides enter the stream, the waters of which are consequently brack- 
ish. It was seined during low tide at the place where the Jericho Canal enters it. 
Species found in this stream are marked S. 

3. Spring Creek near Suffolk, Va. — August 31. This is another tributary of Eliza- 
beth River, similar in its character to Shingle Creek. Fishes from this locality are 
marked P. 

4. Canal and canal feeder near Wallacetou, Va. — September 2. The Dismal Swamp 
Canal passes north and south through the swamp just east of Lake Drummond. It 
is connected with Lake Drummond by a short canal or '* feeder,'' which joins the 
canal just south of the large farm of Mr. Wallace, or Wallaceton post-office. Both 
canal and feeder were found to be so full of snags that seining was almost impossible, 
the feeder especially so. For the same reason no work could be done in the lake. The 
water in the canal is clear, but very dark ; the bottom is full of black muck, formed of 
decaying vegetation, which fills the seine. It is said that the gar (Lepisosteus ossem) 
and Amia calva reach a very large size in the lake. Ko specimens were taken, how- 
ever. Species taken in this locality are marked D. 

6. Ditch on Dover farm at Wallaceton. — September 2. " Dover farm " is a square 
district of about 700 acres, which has been "carved out" of the swamp. The whole 
farm is surrounded by an embankment, which keeps out the water of the swamp. It 
is drained by ditches, which join into one, and this is led off by a tunnel under the 
canal. The water in the ditches is several feet lower than that of Lake Drummond or 
the canal. The main ditch was seined at its outlet after its waters had passed under 
the canal. Species from this locality are marked W. 

1. Ameiurus nebiilosus (Le Sueur). D. 

Three specimens, quite dark ; caudal somewhat concave. A. 22. 

2. Ameiurus erebennus Jordan. J.,iS. 

Rather common. Color black everywhere; anal high and long, its rays 25 to 27. 
The commonest catfish in the swamp, although not before noticed north of Florida. 

3. Noturus inaignis (Richardson). S. 

Scarce. 

4. AnguiUa anguilla rostrata (Le Sueur). D., S. 

Probably common. 
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5. Erimyzon sucetta (Lacdp^dc). S. 

Comnioii. Ill life ventrals and pectorals bright red, tipped with blue, a bright 
blue patch on opercle ; rays of dorsal reddish, the membranes blackish ; body with a 
black lateral shade. Scales 45, but regularly arranged. These specimens seem refer- 
able to the northern var. obUmgus rather than to the true sucetta, 

6. MozoBtoma papiUosuxn (Copo). 2S. 

A few speijimens. 

7. Hybognathus nuchalis Agassi/. S.,P. 

Most of these specimens correspond to the Hybognathus regia of Oirard. The 
largest specimens (4^ inches in length) are larger than any western specimens of 
mwhalis which I have seen. The body in these large examples is deeper (depth 4 to 
4J in length) than in nuchalis (depth 45), and the caudal peduncle is stouter. A com- 
parison of numerous specimens reduced these and other supposed differences to a min- 
imum, and only the larger size and proportionately greater depth of body remain to 
distinguish regia from nuchalis. 

8. Notemigonus chrysoleucus (MitcbiU). S.,P.,D.,W. 

Very common. A. 13, scales 49: A. 14, scales 51} A» 15, scales 61; A. 14, scales 
47; A. 13, scales 50; A. 15, scales 54, in six specimens. These specimens should be 
referred to the northern or typical var. chrysoleuctis^ 

9. Notropis saludanus (Jordan & Brayton). S. 

One specimen, daik in color. 

10. Notropis procne (Cope). S. 

Bather scarce ; lateral stripe jet black, this stripe extending through eye around 
snout. Scales 35. Back high ; caudal peduncle slender ; dorsal high. 

11. Notropis amcsnus (Abbott). S. 

Common. Color dark ; 18 scales before dorsal ; base of anal with dark dots. 

12. Notropis niveus (Cope). S.,P. 

The specimens differ considerably from the typical niveus (Catawba River), and 
may belong to a different species. 

The mouth in these specimens is rather less included below the snout, the eye is 
larger (3^ in head, 3f in niveus) and the color is much darker, there being a distinct 
plumbeous lateral band. The body in these specimens is rather more elongate. A. 8, 
scales 37. 

Compared with N. whipplei^ these specimens are much more slender, with notably 
larger eye, slenderer head, and considerably lower dorsal. Probably the specimens 
from Shingle and Spring Creeks represent a lowland variety of Notropis niveus. 

13. Stolephoms mitchiUi (Ciiv. & Yal.). S. 

Many young anchovies were taken in Shingle Creek. 

14. Clnpea pseudoharengus (Wilson). S. 

A few young alewives were taken in Shingle Creek. 

15. Dorosoma cepedianmn (Le Sunur). S., P. 

Common. 
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16. Fundalas diaphanoa (Le Sueur). S. 

Color very dark ; body with 14 narrow, black cross-bands. D. 13 ; A. 19. One 
specimen. 

17. Gambusla patraells (Baird &, Girard). J., D., W., S., P. 

Very common. 

18. Chologaster avitus Jordan &, Jenkins. J. 

Very common in the Jericho Canal ; not seen elsewhere. 

19. Umbra pyg;m8Ba (De Kay). J. 

In view of the constant dififerences in pattern of coloration shown by the eastern 
form, the latter may perhaps stand provisionally as a distinct species. The characters 
are well given by Blatchley (Proc. Ac. !N'at. Sci. Phila., 1885, 12). 

20. Lnoius americanns (Gmelin). J., S. 

Common. 

21. Lucius retdculatus (Le Saeur). J., S., P. 

■ 

Common. 

22. Aphredoderus sayanus (Gilliams). J., D.,W. 

Common. D. Ill, 10 ; A. IT, 6 ; scales 39 to 42 ; 23 scales before dorsal ; color very 
dark ; a pale streak along lateral line; a dark streak above base of anal and parallel 
with it. 

Specimens from Delaware Biver have scales 47 to 48, 24 before dorsal, but are 
otherwise similar. 

Specimens from Illinois Eiver have the color mnch paler, the streak above anal 
obsolete, and the scales very much smaller, about 58 in a lengthwise series; 36 before 
dorsal. These certainly form a tangible variety or subspecies, gihhosus Le Sueur. 
(Aphredoderus gihhosus Le Sueur :=/8f^emofrewia isolepis^id\^on^= Aphredoderus cook- 
ianus Jordan = Asternotremia mesotrema Jordan. The last three synonyms represent 
different stages of growth). Other specimens, Wabash River, show 48 to 61 scales, 
and are apparently intermediate between gihbosus and sayanus. 

23. Centrarchus macropterus (Lac6pbde). J. 

D. XII, A. VII ; scales 41. Common, 

24. PomoziB sparoides (Lac^p&de). J. 

Common. 

25. Acantharchus pomotis (Baird). J. 

Two specimens ; scales 45. 

26. Enneacanthus obesus (Baird). J., W. 

Common. Compared with the next species {E. gloriosus or simulansy from Tren- 
ton, N. J.), E. obesus is more elongate, the forehead above eye less depressed, the 
lateral line less arched, the eye smaller, the black lateral bands very distinct. The 
most striking character is in the^size of the opercular spot. This, in obesus^ is as wide 
as long in the adult, and four-fifths diameter of eye. In gloriosus it is longer than 
wide, and little more than half diameter of eye. Both species have pale si)ots on the 
body and fins, but in obesv,s those on the body are smaller and farther apart. 
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27. Enneacanthns gloriosus (Holbrook). S. 

Bather scarce. Depth, 2^ in length ; ear flap not larger than pupil ; a faint trace 
of cross-bands. I see no reason to doubt the identity of Bryttus gloriosus Holbrook, 
with Hemioplites simulans Cope, and Enneacant/ius margarotis Gill & Jordan. The 
ear flap is small in gloriosus as in simulans, and no difference of any importance is 
8liown in the descriptions. 

28. Lepomis amitus (L.). 8. 

Scarce. 

29. Lepomis gibbosus (L.). S. 

Not rare. 

30. Lepomis holbrooki (Cav. & Val.). J., D., W., S. 

Kot rare. This species differs from L. gibbosus in its plainer color; greenish, with 
faint bronze spots ; breast yellow ; dorsal unspotted. Its snout is sharper and longer 
than in L. gibbosus ^ scales 44; 4 rows on cheek. Dorsal higher than in X. gibbosus ; 
longest spine, 1^ in head, as long as snout and eye. Eye about as long as snout. 

Lepomis notatus (Lower Mississippi) seems to be a different species, distinguished 
by the larger scales (lat. 1. about 35). 

31. Microptenis salmoides TLac^pMe). 8. 

Common. 

32. Roccus lineatus (Bloch). S., P. 

Young specimens common. 

33. Morone americana (Gmelin). S.^P. 

Common. 

34. Etheostoma vitreum (Cope). 8. 

Common in sandy places. 

35. Etheostozna nigrum olmstedi (Storer). 8., P. 

Very common. Cheeks closely scaled in all specimens examined. D. IX-16. 

36. Ethepstoma peltatum Staufier. 8. 

One specimen. 

37. Etheostoma fusiforme (Girard). W. 

One specimen. Body very slender, the depth 6J in length. Scales 63 ; two rows 
of scales above lateral line ; tubes on 16 scales. D. IX>10. Top of head naked ; cheeks, 
opercles, nape, and breast scaly ; scales on cheek large. Base of caudal with four 
dark spots in a vertical row ; body with dark markings in the form of a faint interrupted 
dark lateral band with dark shades above and below it. 

This specimen seems to agree with the type of Girard's fusiforme. Hololepis 
eroehrous Cope also agrees fairly with it, and may be regarded as the same. 

Throughout the entire lowland region, from Dakota to Texas, Michigan, Massa- 
chusetts, and Florida, small darters are found, which agree more or less closely with 
this specimen, so closely, indeed, that I do not know how to draw specific distinctions 
among them. To these have been given the specific names of eos (N. Indiana) ; palus* 
trts (S. Indiana); exilis (Dakota); warreni (Dakota); gracilis (Texas); elegans (Texas); 
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butleHa/ntia (Mississippi), and barratti (South Carolina). Some of the results of a 
recent examination of material may be here given. 

a. Clam Lake, Michigan (eos) : These specimens are a little stouter and darker in color, the scales on 

the cheeks obscure. Scales, 55. 

b, Thayer Lake, Michigan {exile) : Still stouter, more barred, the cheeks naked. 

0. Northern Illinois (eoa) : Stouter, the depth 5 in length ; scales 56, 4 rows above lateral line ; scales 

on cheeks evident ; three spots at base of caudal. 
d. Southern Illinois (barratti). Still stouter, depth 4^ ; scales 49, 3 rows above lateral line ; cheeks well 

scaled; color nearly plain ; sides with faint bars and a single spot at base of caudal. 

0. Terrt Haute, Ind. (paltietre). Depth 5; scales 50,3 rows above lateral line; snout rather short; 

cheeks well scaled; a single faint caudal spot ; markings obscure; bluish bars in life. 
/. Trinity River, Dallas, Tex. {graoile). Similar to o in color and form, a little stouter; cheeks well 

scaled ; scales 50, 3 rows above lateral line ; three spots at base of caudal. 
g. Saline River, Benton, Ark. (graoile). Very similar to/. Scales 49; three spots at base of caudal. 
A. Mount Vernon, Ind. (palustre). Stout, depth 4^; scales 53, one row above lateral line ; one caudal 

spot ; snout bluntish ; no dark lateral stripe. 

Possibly these several varieties may be separated by the following characters : 

a. Cheeks naked; body faintly barred exile. 

aa. Cheeks scaly. 

b. Body stoutish ; no lateral stripe ; depth 4^ to 5| in length. 

c. Snout moderate ; scales on cheek small ; sides with crimson spots eoe. 

cc. Snout bluntish ; no bright red; sides with greenish cross-shades palueire. 

ceo. Snout rather sharp ; no red. 

d. Body more or less barred and spotted gracile, 

dd. Body nearly plain greenish harratH. 

hb. Body very slender ; depth 6 in length ; a dark lateral band and more or less of red mark- 
ings fustforme. 

But the value and constancy of each of the above characters are yet to be proved. 

38. AchiruB fasciatus Lac6p^de. S., P. 

This small sole ascends the streams from the sea and is abundant on sandy bot- 
toms in the creeks. 

D.--THE CHOWAN RIVER. 

The Chowan River opens by a broad shallow mouth or estuary into the north side 
of Albemarle Sound. Its principal tributary is the Blackwater, which rises in the 
southeastern part of Virginia and takes its way southward through densely wooded 
swamps of cypress, pine, etc., flowing into the head of the estuary of the Chowan. The 
water of the Blackwater is clear, but, as the name indicates, it is stained to the color 
of coffee by the drainage from the cypress swamps. 

1. BlcLckwater River at Zuni.— This stream waa seined at Zuni, a little town on the 
railway west of Suffolk. Collections were made above and below the railroad bridge 
at Zuni. The river at this point is very full of snags, but in the shallow places the 
bottom was sandy. Temperature 73°, September 6. 

The flsh fauna is essentially that of the neighboring Dismal Swamp. 

1. Noturus insignia (Richardson). 

Not rare. 

2. Anguilla angniUa rostrata (Le Saenr). 

Common. 
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3. Notropis amcBnus (Abbott). 

A few large specimens very dark in color and looking as though starved. 

4. Notropis niveus (Cope). 

Very abundant, similar to specimens from the Dismal Swamp, the color darker, 
the soout sharper, the mouth more oblique aud more terminal than in specimens from 
Cape Fear River. 

5. Notropis procne (Cope). 

Specimens quite slender, the back less elevated than in upland examples, the color 
very dark, but the markings similar. Ghiu always pale (black in the next species). 

6. Notropis chalybaeus (Cope). 

Very close to N. anogenu8 Forbes, differing chiefly in the more backward dorsal 
and smaller ante-dorsal scales, the general form, markings, size of eye and form of 
mouth the same in the two species. Head 4^ in length ; depth 5 ; D. 8 ; A. 7 to 9. 
Scales 33, 16 to 17 series before dorsal. Length, 2 inches. 

Body moderately elongate, compressed, the back a little elevated, the tail con- 
tracted ; top of head not very broad : scales before dorsal small ; lateral line nearly 
straight, somewhat interrupted. Snout short, not two-thirds the large eye, rather 
blunt, mouth short, very oblique, the chin projecting. Eye 3 in head. Dorsal inserted 
behind veutrals, at a point one and one-third times length of head, behind the nape. 
Dorsal and anal very short and high ; pectorals and ventrals short. Color quite dark, 
a jet black lateral band, which passes around the snout and includes the chin ; a 
darker spot at base of caudal ; a dark streak along base of anal. 

Compared with specimens of Notropis anogenus taken by Professor Meek in Cay- 
uga Lake, the latter differs in the paler color, broader head, more anterior dorsal 
(only a head's length behind nape), and in the larger size (13 in number) of the scales 
before the dorsal. 

7. Clupea sapidissima (Wilson). Shtid. 

Young, abundant. 

8. Gambusia patruelis (Baird & Girard). 

Few taken. 

9. Lucius reticulatus (Le Sueur). 

A few taken. 

10. Micropterus salmoides (Lac6p^e). 

Common. 

11. Lepomis auritus (L.). 

Common. 

12. Lepomis gibbosus (L.). 

A few. 

13. Perca flavescens (Mitchill). Raccoon Perch, 

Two taken. 

14. Etheostoma vitreiun (Cope). 

Abundant. 

15. Etheostoma nigrum olmstedi (Storer). 

Abundant; cheeks covered with small, partly imbedded scales. 
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16. Etheostoma aspro (Cope &. Jordan). (Var.) 

Several specimens, similar to those from the Boanoke. Scales 62, 62, 64. Gem- 
pared with E, peltatum from the Nease, these specimens have smaller scales, and 
the blotches on the sides coalesce into a nearly continnoas black band, nearly as wide 
as eye, its edges uneven. In some the cheeks are naked, in others scaly. 

17. Etheostoma qaiescens (Jordan). 

The original type of this species came from Allapaha Eiver, a tributary of the 
Suwanee Eiver in southern Georgia. The four specimens taken at Zuni agree with 
this type except in the form of the body. This is very slender in the Suwanee speci- 
men, but ratlier stout in those from the Blackwater. 

Head 3f in length (4J with caudal) ; depth ^ (4|). D. XI-12, A. II, 7. Scales 3- 
64-8. Pores on 27 scales. Length If inches. Body not greatly elongate, compressed, 
the back elevated, the back higher and the tail shorter than in ]3. eos. Maxillary 
extending to front of pupil ; jaws equal ; preopercle a little crenulate above. Gheeks,. 
opercles, and whole top of head closely scaled : breast and nape scaled ; snout, jaws, and 
preorbital naked ; lateral line running very high as in E. fnsiforme^ from which this 
species is chiefly distinguished by the scaly crown, a character seen also in E. tuscumbiaj 
a species not closely related to E. quiescens. Gaudal 1^ in head; pectoral as long as 
head. / Color dark brown, the pale parts chiefly bright red in life ; back with some 
'Hlark markings; side with a broad black lateral band, mottled and interspersed with 
red; an area of red along lateral line; some black spots on lower part of side; a black 
spot at base of pectoral ; three black bars about eye ; four black spots in a cross-series 
at base of caudal, the middle ones largest. Fins checkered ; dorsal, anal, and caudal 
finely barred ; ventrals, anal, and pectorals plain. 



1/ 



E.--THE ROANOKE RIVER. 



The Boanoke Biver has its sources in the Blue Bidge Mountains in southwestern 
Virginia, from which region it flows southeastward through tUe uplands, and ultimately 
passes into the lowland region of east North Carolina. Its mouth is a broad estuary, 
Boanoke Sound, which opens into Albemarle Sound. The general character of the 
river basin is similar to that of the James. Our examinations of this river were all 
made near the source of its main branch, the Staunton Biver, in Montgomery and 
Boanoke Counties, Virginia. The work was here done under very favorable circum- 
stances, and it is probable that so far as the fishes of the upland course are concerned^ 
our list is nearly complete. The water of most of the tributaries of the Upper Boanoke 
is very clear, and the streams are extremely picturesque. Collections were made at 
the following points: 

1. Bottom Creek, about 5 miles south of Alleghany Springs, August 3 ; tempera- 
ture 770. 

The infant Boanoke is formed by the union of two mountain streams, Bottom 
Creek and Lick Fork, which come together on the west side of Bent Mountain, some 
4 miles above Alleghany Springs. Of these streams the larger, Bottom Creek, was 
examined by us. Its waters are very clear, forming a succession of rapids and deep 
pools, the swift places having the bottom lined with a river weed [Podosteinon cerato- 
phyllus). The water is, however, warm, scarcely colder than that of the river. The 
fishes are substantially the same as those in the river below. The only difference 
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worthy of note is in the much greater abundance of Chrosomus oreaSj Squalius fun- 
duloifleSj EtheoHtoma podostemone^ and KotropiH megalops cerasinus. Even the eel and 
the rock bass are found in Bottom Creek. It is said that brook trout are occasionally 
taken here, but none were seen. 

2. Roanoke (Staunton) Elver at Salem and Roanoke, Va,, July 31, Angnst 1, 
August 2 ; temperature 82^. 

The Roanoke or Staunton River from Salem to Roanoke is comparatively clear, 
with alternations of shallow, swift places, where the river flows over shingle and rocks, 
and long, still stretches where the bottom is more or less muddy. The shoal areas, 
many of which are used as fords, are about one-half mile apart, and some of them are 
excellent as collecting grounds. Collections were made below the mill, southwest of 
Salem ; about the mouth of Mason's Creek, 2 miles below Salem ; at the bridge, 2 
miles southwest of Roanoke, and at various places within 3 miles of this bridge, in the 
direction of Salem. All these localities are good. The shoal immediately under and 
below the bridge at Roanoke is probably the best. 

3. Mason^s Creekj 2 miles east of Salem. August 1 ; temperature 82^. A small, 
clear stream, its water scarcely colder than that of the river. It was seined near 
its mouth. Its flshes are the same as those found in the river. 

4. Back Creek at Poage's Mill, 10 miles south of Salem. August 1; temperature 
770. This is a small, clear, sandy stream, its waters quite warm. It rises on the 
eastern side of Bent Mountain opposite the source of Bottom Creek. The following 
species were found here : 

1. Mozostoma cervinuxn (Cope). 

Under the mill dams. 

2. Campostoma anomalum (Ratinesqae). 

Common. 

3. Chrosomus oreas (Cope). 

Very common. Some of the specimens remarkably brilliant in color. 

4. Notropis megalops cerasinas (Cope). 

Very abundant and very brightly colored. 

5 Hybopsis kentuckienBis (Ratinesque). 

S[)ecimens very short and deep; abundant in the mill-pond; scales 41. 

6. Rhlnlchthys atronasus (MitchiH). 

Common. 

7. Squalius vandoisulus (Cuv. & Val.). 

Scarce. 

8. EtheoBtomaflabeUare (Ratinesqne). 

Scarce. 

The following is a list of the species found in the river: 

1. Noturusinsignis (RichardRon). Mad Tom. 

Very common, especially in grassy places in the river. In life, pale yellow, nearly 
uniform; all specimens, large and small, with the dorsal, anal, and caudal broadly 
edged with jet-black, the basal part of the fin pale. Caudal long, rounded at tip. 
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There is considerable variation in the width of the head and in the length of the 
pectoral spines (1§ to2| in head). A 16. Pectoral spine retrorseserrate on the cater 
margin, the inner margin with coarse teeth near the base. 

2. Noturus gilbert! Jordan & Evermann. 

About two-fifths of the specimens of ^' Mad Tom" obtained at Eoanoke and Salem 
belong to this species, well distiugaished by its color, and by the form of its adipose 
fin, caudal fin, and pectoral spines. 

3. Mozostoma papillosiun (Cope). 

A few young specimens taken at Eoanoke. 

4. Mozostoma cervinuxn (Cope). 

Common at the foot of mill-dams and in swift waters. 

5. Catostomus nigricans (Le Sueur). '' Dutchman." 

Common; specimens dark in color. Lat. 1. 47. 

6. Catostomus teres (Mitchill). 

Common. 

7. Campostoma anomalum (RatineHque). 

Not rare. Lat. 1. 49 to 52. 

8. EzoglosBum mazillingua (Le Sueur). *'Nig<;er Fish." 

Very common ; a sluggish fish living near the bottom, Lat. 1. 57. 

9. Chrosomus oreas (Cope). 

Very abundant in the clear brooks; rare in the river; the most ornate of all our 
Cyprinidce. In life head, belly, and lower parts deep scarlet; fins bright yellow, with 
scarlet at base; back with black vertical bars; a black band from snout through eye 
to the anal fin, very broad and very distinct in males; another band beginning above 
this one, separate from it at a point before the vent, and going straight to caudal. 
These markings are quite distinct from the Iwo nearly parallel black bauds seen in 0. 
erythrogaster. G. areas also differs in having a slightly longer snout, longer preorbital, 
and longer maxillary, which extends nearly to the eye. It should probably be ranked 
as a distinct species. 

10. Notropls procne (Cope). 

Not rare; a few specimens are extremely pale, having no black on scales on sides 
of head. These, liowever, have the same form as the others and show traces at least 
of the spots at base of caudal. 

11. Notropisznegalops (Ratinesquo). 

Common. Of this specnes two distinct forms or varieties, possibly distinct species, 
are found, neither of tliem quite like any form of N. megalops which I have met in any 
other stream. The two forms are very different from each other and may be distin- 
guished even when very young. The one called var. ceramnus by Professor Coi)e 
abounds in the small streams, the other which I call var. albeolus is found in the 
river. / 

Notropls megalops cerasinus is small in size, seldom exceeding 4 inches. In life it 
is steel-blue above, the body flushed with pink and the fins all bright rod. The sides 
are always marked by irregular blackish cross-blotches and bars, formed by a broad, 
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dark edging on some of the scales. This marking seems to be constant, bat the size 
and arrangement of the bars vary much. Ji>e rather small, 3^ in head; snout rather 
short and blunt; body rather deep (depth 3f). Lat. 1. 37. 15 scales before dorsal. 
Dorsal and anal rather high, the free edges concave. 

Notropis megalopa alheolus reaches a larger size ; it is olivaceous above, the sides 
and fins pure silvery white, the tip of the snout pinkish in the male. The snout in 
var. alheolus is sharper than in var. megalops, and the caudal peduncle and fin are 
especially longer. Depth of adult, 4 in length ; eye 3J in head ; lat. 1. 38 ; 14 scales 
before dorsal. The dorsal and anal are high, their free edges concave. The form of 
the mouth in both varieties is the same as in the typical megalops. The young of var. 
alheolus resembles N. macdonaldi^ but the mouth is larger in the latter and the body 
still more slender. 

12. Notropis ardens (Cope). 

Very common. Male steel blue in life, with more or less of bright red on fins, 
head, and anterior part of body ; base of dorsal anteriorly black ; females very pale. 
I have compared this species with its western analogues N". atripesj Cache River, Illi- 
nois; N. lythrurusy Eaccoon Creek, Parke County, Indiana; and N. umhratiliSj Hun- 
dred and Two River, Iowa. It differs from all these in the much more slender body 
(the depth 4§ in the length, even in the adult males), and in the larger eye (3^ in head). 
It should, I think, be regarded as a different species, although the difference is but 
slight, y. umhratilis is well distinguished by its different coloration and large eye. 
The three remaining nominal species of this type found in the Upper Mississippi 
region {N'. cyanocephalus, N. lythrurusy and N. atripes) differ very little from each other, 
and may be regarded as varieties of one, for which the oldest tenable name is N. cyano- 
cephalus (Copelaud). 

13. Notropia niveus (Cope). 

Common. 

14. Hybopais kentuckienflia (Rafineeqae). 

Very common. 

15. Rhinichthys atronasus (Mite hill). 

In brooks. Barbel a little more conspicuous than usual. 

16. Squalins vandoisulus (Cuv. & Val.). 

Rare; in Back Creek only. 

17. AnguiUa anguiUa rostrata (Le Sueur). 

Common. 

18. Micropterus dolomieu (Lac6pMe). 

Scarce. 

19. Ambloplites rupestris cavifrons (Cope). ** Red Eye.*^ 

Two specimens taken; one very large example, 9 inches long, in a pool of Bottom 
Greek, and a small one in the river. The stomach of the large specimen was filled 
with minnows and *' Mad Toms.'' The smaller corresponds to the description of Amblo- 
plites cavifrons Cope. On comparing the ailult examples with Amhloplites rupestris 
from Kawsou Lake, Michigan, I find but a single tangible difference. In A. cavifrons 
the scales on the cheek are minute and imbedded, wholly invisible over most of the 
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area. In A. rupeatris the cheek scales are well developed, usually in about nine rows. 
The scales on the breast are also more obscure in A. cavifrons^ but the scales on the 
body are alike in the two forms. There is no tangible difference in the profile, but the 
different squamation of the head seems to justify the recognition of A. cavi/rons as a 
slight geographical variety. 

20. Lepoznis auxitos (L.). 

Common. The specimens belong to the northern variety, with small scales on 
breast and cheeks. Lepomis ophthaltnicus (C'ope),from some tributary of the Eoanoke, 
is probably the same species. 

21. Lepomis gibbosus (L.). 

Scarce. 

22. Etheostoma podostemone Jordan & Jenkins. 

Very common, especially in swift waters among river weeds. Most abundant in 
Bottom Creek. 

23. Etheostoma nigmm (Rafinesqne). 

One specimen of var. veocillare (scales 40, 41,) from Salem; many from Bottom 
Creek, above Alleghany Springs. 

24. Etheostoma roanoka Jordan & Evermann. 

Very common in swift and grassy waters ; one of the most elegant of the darters. 

25. Etheostoma aspro (Cope & Jordan). 

Several specimens, the longest 4^ inches in length ; most common in Bottom 
Creek in rather deep water. D. XIl-13, XIV-13 in two specimens ; A. II-9, scales 
60, 64, 64 in three specimens. These specimens agree fairly with U. aspro from Illi- 
nois River. The dark blotches on the sides are smaller, less broadly confluent, but 
rather resembling widenings of a narrow black band. The scales are a little larger, 
those on the cheeks faint add imbedded, and in one specimen wanting altogether. 

26. Etheostoma rez Jordan & Evermann. 

Two specimens of this superb darter were taken in the Roanoke River. The 
larger of these (5J inches long) was taken in the rapids under the bridge 2 miles 
southwest of Roanoke. 

27. Etheostoma flabeUare (Rafinesqne). 

Common; scales 46. These specimens are not diiferent from others from Indiana. 

F.— THE PAMLICO RIVER. 

The Pamlico River is abroad, tide- water estuary oi)ening into the southern part 
of Panilico Sound. Its principal tributary is known as Tar River, a stream which 
rises near the Virginia line, and flows southeast through pine forests into the head of 
the Pamlico. Collections were made in the Tar River, at a point 2 miles below the 
village of Rocky Mount. August 29 ; temperature 73o. 

In the Tar River, at the point referred to, a large dam crosses the stream. This 
dam rests on a ledge of granite, and for a long distance below the dam the bottom of 
the river is very rocky. There are a few deep holes in the river, and some other 
points suitable for collecting. The rocks are covered with water-plants. The water 
in the river was muddy, although it had not Ixmmi raised by rains. 



EXPLORATIONS OF THE ALLEGHANY REGION AND WESTERN INDIANA. 125 

1. Lepiaosteus osseus (L.). 

Two small specimens, aboat a foot long, and many large ones were taken. 

2. NoturuB furiosus Jordan &, Meek. '* Tabby Cat." 

A single specimen, similar to the types of the species from the Neose River. 

Numerous very large examples of this species were taken some twelve years ago in 
the Tar River, near Tarborough, by Mr. James W. Milner. These are now in the U. 
S. National Museum. They were at first identified by me as Noturtis eleutherus, and 
afterwards as Noturus miurus. They are closest to N. iniurvSj but apparently dis- 
tinct from both species, having a stronger armature and a more strongly marked 
coloration than either. 

3. Noturus insignia (Richardson). 

Abundant. Color very dark; edges of fins little darker. 

4. Ameiurus erebennus Jordan. 

Two small specimens. 

5. Ameiurus nebulosus (Le Saear). 

Common Anal rays 22; caudal slightly concave. 

6. Catostomus nigricans (Le Sueur). 

Common. 

7. Mozostoma papillosum (Cope). 

Common. Body rather elongate; the back low ; lower lip small, deeply incised; 
its surface plicate, but the folds broken up into papillae. D. 13. 

8. Moxostoma cervinum (Cope). 

Common. Color strongly marked; back purplish black; belly abruptly white; a 
pale streak along the centers of each row of scales ; dorsal, anal, and caudal dark, the 
tips inky black. 

9. Hybognathus nuchalia Agassiz. 

Common. Specimens all small. 

10. Notropis procne (Cope). 

Common. 

11. Notropis megalops albeolus Jordan &, Meek. 

Two small specimens, similar to those from the Roanoke ; lower jaw not shorter 
than upper. 

12. Notropis matutinus (Cope). 

Common. This species is a member of the group called Lythrurusy and it is 
closely related to Notropis lirus. In spirits it is very pale, with a lateral band of dark 
points and a small black spot at base of dorsal in front, preceded by a dark streak 
along the middle line of the back. Head 4^ ; depth 5^ in length ; scales 44 ; 20 to 25 
scales before the dorsal. 

In life, snout, tip of lower jaw, iris, and membranes of upper half of dorsal red. 

13. Notropis niveus (Cope). 

Abundant. Similar to that found in the Dismal Swamp. 
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14. Noteznigonus chrysoleucus (Mitchill). 

Common. Anal rays 16; scales 48; hence referable rather to the sonthem 
variety hosci. 

15. Hybopsis kentuckiensis (Rafinesqne). 

Common. Scales 44. 

16. Semotilus atromaculatua (Mitchill). 

One young specimen approaching 8. thoreauianus. Color dark ; asmall black spotat 
base of dorsal, a larger one at base of caudal ; a distinct black lateral band from snout 
to base of caudal; head rather broad and flattish above; mouth moderate, slightly 
oblique, the maxillary extending to the front of the very large eye ; jaws equal ; dorsal 
inserted behind ventrals ; lateral line decurved, only three or four pores developed in 
this (young) specimen. Head 3|^ in length ; depth 4^ ; A. 8 ; scales 48, 30 before dorsaL 

17. Oambusia patruelis (Baird &, Girard). 

18. Umbra pygmaea (De Kay). 

Bather scarce. 

19. Lucius reticulatus (Le Suoar). 

Common. 

20. Aphredoderus sayanus (Gilliams). 

Bather scarce. Scales 45. 

21. Pomozis sparoides (Lac^pMe). 

Common. 

22. Enneacanthus gloriosus (Hoi brook). 

A few specimens. 

23. Acantharchus pomotis (Baird). 

Black lengthwise stripes numerous and very distinct in the young. 

24. Lepomls auritus (L.). 

Common. 

25. Etheostoma nigrum effulgens (Girard). 

Common. All the specimens examined have the cheeks naked. Scales 42. 

26. Etheostoma vitreum (Cope). 

Very abundant. 

27. Etheostoma peltatum Stauffor. 

One specimen. 

28. Etheostoma roanoka Jordan & .feukiiiH. 

Two specimens ; head naked ; scales 45. 

The fauna of the Tar Biver is essentially that of the Neuse. Probably an 
extended exploration would show that every species of the one is found also in the 
other. 
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Q.— THE NEUSE RIVER. 

The Neuse River is one of the largest streams of eastern North Carolina. It rises 
in the middle- northern part of the State and flows east through the pine woods, dis- 
charging its waters through a broad estuary into Pamlico Sound. 

Collections were made at three points in the basin of the Neuse. 

1. Netise River at Millburnie, near Raleigh, N. C, August 27. A dam built upon a 
ledge of granite crosses the river at Millburnie. Below the dam the river flows rap- 
idly over rocks, with falls and rapids, and among the rocks are many deep holes and 
pools. The rocks are in many places covered with river- weeds {Podostemony etc.). 
Below the rocky district are deep holes, with shoals and ripi)les, the bottom being 
largely sandy or gravelly. The water in the river, although low, was quite muddy. 
This is an excellent locality for collecting. Specimens taken in Neuse River, at Mill- 
burnie, are marked N in the following list : 

2. Little River at Goldsborough. August 29 ; temperature 78o. Collections were 
made in Little River, near its junction with the Neuse, at points above and below 
where it is crossed by the railroad from Raleigh. The stream flows through a level 
region. It consists of deep holes with intervening shoals, the former with bottom of 
mud or sand, the shoals sandy or gravelly. The bottom of the river is full of sub- 
merged logs and snags. The water is clear, but stained somewhat brown from the 
drainage of cypress swamps. Specimens from Little River are marked L. 

3. Moccasin iSiramp. — Moccasin Swamp is a stream flowing through a cypress swamp 
and emptying into the Neuse below Goldsborough. The Swamp was not visited, but 
numerous specimens of food-fishes were obtained from a fisherman who had seined 
the Swamp at a point about 15 miles from Goldsborough. The species obtained are 
marked M in the following list : 

1. Amia calva Linnsens. M. "Black Fish." 

Common in the swamps. 

2. Noturus furiosus Jordan & Meek. L., N. " Tabby Cat ;" ** Mad Tom." 

Common in the Neuse River at Millburnie, where fifteen specimens were taken. 
One specimen taken in the Little River and one in the Tar. 

Specimens were taken at Goldsborough in 1877 by Brayton and Gilbert. 

This species is closely allied to Noturus miurmj from which it differs in its 
much larger spines and more pronounced coloration. 

3. Noturus insignia (Richardson). L., N. 

Very abundant, especially in the Neuse. Coloration pale, black margins to caudal 
narrow and faint, none at all on dorsal and anal ; base of dorsal dusky, the fin other- 
wise pale. 

4. Ameiurus natalis (Le Saenr). L., M. 

Color black ; body very plump, the head broad and the spines quite short. 

5. Ameiurus erebennns Jordan. M. 

Common in the swamp. Very close to A. natalis^ the head becoming broader with 
age and thus resembling the latter. The pectoral and dorsal spines are however much 
longer than in the latter. 
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6. Ameinms nlveiventrls (Cope). L. N. *' Fork-tailed Cat.'' 

Only yoang specimens. The body seems slenderer, the caudal more deeply forked 
than in the young of A. albidm. A. 21 to 23. Color silvery, the fins darker. 

7. Catostomua nigrioans (Le Saear). N. 

Common. 

8. Erimyzon snoetta (Lac6pMe). M.,L.,N» 

Very common ; scales 46. 

9. Mozostoma papiUosuxn (Cope). L., N. 

Very common. Snout projecting beyond the very small month ; head short and 
broad, with large eye. D. 14, the edge of the fin straightish ; caudal lobes equal. 

Pharyngeal bones weak. 

10. Mozostoma oonuB (Cope). L. 

A single young specimen. Head very short and small, the short, narrow snout 
projecting beyond the small mouth ; lips full, the posterior truncate. D. 12, the fin 
high, its free border concave, the first rays being much produced. Caudal deeply 
forked, the upper lobe a little longer. This species is very closely related to the species 
found in the Ohio River and Lake Brie, which is apparently Moxostoma hreviceps ^ (Cope). 

11. Mozo8toinacra88nabre(Cope). L. 

One large specimen. Body robust, the back elevated ; head short, broad, flattish 
above ; mouth moderate, the lips full, the lower truncate behind ; snout short, little 
projecting beyond mouth. Head 5 in length ; depth 3^. D. 13. Caudal lobes equal ; 
dorsal with its free edge much incised, the anterior lobe about as long as head. 
Pharyngeals weak. Color rather dusky ; many of the scales with a dusky shade at 
base; top of head, humeral bar, an<l especially a broad shade across dorsal fin, black- 
ish. Some red on anal and caudal fins. 

Compared with Moxostoma hreviceps from Cincinnati, this si)ecies is much more 
robust, with larger, broader, and much more flattened head. Tlie eye is larger, the 
snout much shorter, and the preorbital is much broader. This bone is quite narrow 
in M, hreviceps. In M. hreviceps the top of the head is very convex transversely, the 
dorsal lobe is 1^ times length of head, and the n)>per lobe of the caudal is much 
prolonged. 

The resemblance of M. crassilahre to M. attreolum from Toledo is much greater, 
the only prominent dilference being that M, aureolum has the upper outline of the 
dorsal slightly convex. 

M, macrolepidotum (the true eastern form, as distinguished from the western, 
M. duquesnei)^ from Potomac River, is Jilso very close to M, crassilahre. The two have 
the same general form and coloration and the same form of the mouth and of the 
dorsal fin. In comi)aring a single specimen of each, I find that crassilahre lias a still 
shorter and blunter head and higher back. The eye in crassilahre is Yh in snout, the 
head 5 in body. In macrolepidotu7n the eye is 1§ in snout, the head 4f in body. It is 
probable that M, crassilahre will prove to be a slight variety of M, macrolepidotum. 
M. duquesnei, the western red-horse, may dilfer in the slightly longer head, and in not 



'This Hpecios is desoribod in the fifth (edition of Jordan'H Manual of the Vertebrates as Moxo8toma 
oraeHlabre (Cope), which is, however, a different specius. 
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having the free edge of the dorsal concave. Its claims to stand as a distinct species 
are, however, open to mach donbt. 

12. Mozostoma cervinum (Cope). N. ''Crawl-a-bottom.^ 

Common. Specimens similar to those from the Boanoke and James, bat larger. 

13. Hybognathus nuchalis Agassiz. N., L. 

Very common. Some large specimens taken in the Nense. 

14. Notropls procne (Cope). L., N. 

Common. The t^vo specimens taken in the Neose are very pale, with only traces 
of lateral band and caudal spot. 

15. Notropls hudsonius (Clinton). L. ^ ^ 

One taken. 

16. Notropls megalops albeolus Jordan &, Meek. N. 

Scarce. 

17. Notropls niveus (Copo). L., N. 

Very common. The form variable ; some specimens almost as deep as those of 
JV. whippleiy of which species this may prove to be a variety. 

18. Notropls amcenus (Abbott). N. 

Common in the Neuse:^ This is apparently the species recorded by Cope (Proo. 
Am. Philos. Soc, 1870) as Photogenis leucops^Notropis photogenis. I am not snre, 
however, of its identity with the species to which the name photogenis was originally 
given. 

19. Notropls matutlnus (Cope;. N. 

Eatber scarce in the Nense. 

20. Hybopsls kentucklensls (Raflnesqae). L., N. 

Very common. 

21. Notemlgonus chrysoleucus (Mitohill). N., L. 

Common. Scales 48 ; anal rays 15. 

22. Clupea sapldlsslma (Wilson). L., N. Shad. 

Yonug common. A large plant of shad was made in the Nense at Millbnrnie 
about five years ago. 

23. Oambusla patruells (Baird &> Girard). L., N. 

Common. Haplochiltis melanops Cope, from the Nense, and Zygoneetes atnuitua 
Jordan & Braytou, from Little Biver, are both based on this species. 

24. Lucius amerlcanus (Gmelin). L. 

25. Lucius retlculatus (Le Saear). M., L. 

Common. 

26. AngulUa angullla rostrata (Le Sneur). N. 

Eels abound in every stream in Carolina east of the Blue Bidge. 

27. Aphredoderus sayanus (Gilliams). L. 

Not rare. 
Bull. U. S. F. C, 88 9 
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28. Pomozis sparoides (Lac^pdde). L., M., N. 

Gommon. 

29. Centrarohus maoroptems (Jjac^p^de). M., L. ^' Flyer." 

Gommon iu still waters. 

30. Enneacanthus g;loriosii8 (Holbrook). L. 

Not very common. The large specimens described by me in 1877 auder the name 
of Enneacanthus pinniger came from Nease River, at Kinston, N. 0. 

31. Aoantharchus pomotis (Baird). M. <' Mud Peroh." 

Gommon in the swamps. 

32. ChaBnobryttus gulosus (Guv. &, Val.). M., N. 

Not rare. 

33. Lepomis auritus (L.). L., N. '^ Yellow-belly.'' 

Gommon. All of the typical northern form. 

34. Lepomis holbrooki (Cav. <& Val.). L. 

Scarce. 

35. Lepomis gibbosus (L.). M. *'Saud Perch." 

Gommon. 

36. Micropterus dolomieu (Laci^p^de), M., N. 

Gommon in the streams. 

37. Micropterus salmoides (Lac^pMe). M., L., N. ''Chub.'' 

Gommon, especially in the swamps. 

38. Etheostoma vitreum (Cope). N., L. 

Very abundant. Scales 57. 

39. Etheostoma nigrum (Rafinesquo) var. olmsiedi. N., L. 

Very abundant in Little River; less so in the Neuse. Nearly all of these speci- 
mens have the upper part of tlie cheeks partly covered with scales. Some of them 
are very slender in form, and some are stout ; some have the middle line of the belly 
largely naked. Scales 50 ; D. IX-15. 

40. Etheostoma peltatum Staiifler. N., L. 

Gommon. There are among these specimens all gradations in coloration, from 
that of the specimens taken in Swift Creek, to the markings of the imlhimy 2)eltatum. 
Some specimens have a black lateral stripe scarcely widened at intervals. Sonie of 
the specimens have smooth imbedded scales on cheeks, opercles, and naj)e (=tieviHetise 
Cope), but most of them, including some of each of the patterns of coloration, have 
the nape and cheeks wholly naked, the opercle nearly so. E. anpro and E, ouachitce 
are both extremely close to E. peltatum, 

41. Etheostoma roanoka Jordan <& Jenkins. N. 

Very abundant in the Neuse River at Millburnie. The specimens are rather 
smaller than those from the Roanoke, and the ground color is paler, which leaves the 
markings more sharp. 
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H.— THE CAPE FEAR RIVER. 

The Cape Fear River rises in the uplands of northern North Oarolina, its two 
chief tributaries being the Haw and the Deep Rivers. It flows southward, entering 
the sea near the cape from which it takes its name. Its tributary streams for more 
than half its course flow over a soil of red clay, produced by decomposition of granite. 
Most of these streams are full of yellow clayey sediment all the year around, and 
hence are not favorable for fish life. No collections of any extent had been made in 
the Gape Fear Basin previous to our visit. The fauna is evidently substantially iden- 
tical with that of the Santee and Great Pedee, streams which enter the sea not far 
from the mouth of the Cape Fear. In several respects its fauna differs from that of 
the Neuse River, which is more nearly like that of the Roanoke. Our collections in 
the Cape Fear Basin are all from tributaries of flaw River, in Guilford County, N. 0. 

1. Beedy Fork of Haw River at Fulk's Mill, 11 miles north- northeast of Greens- 
borough. August 25 ; temperature 749, This is a rather sluggish stream, stained 
gray by sediment, its bottom covered with gravel and mud, with many snags. The 
stream is not a good one for collecting, but this locality is probably as favorable as 
any, for below the mill the stream shows some current. Species taken here are 
marked R. 

2. A small very clear brook or spring-run, without name, one mile south of Fulk's 
Mill. August 25; temperature 70^. This stream is full of small fishes; those taken 
here are marked S. 

3. South Buffalo Creekj about 5 miles southeast of Greensborough. August 25 ; 
temperature 7(P. This is a small creek, with rather clear water, and well stocked 
with small fishes. It contains some long deep pools, on a bottom of gravel. Fishes 
from this stream are marked B. 

4. Little Allemance CreeJc, at a point about 9 miles southeast of Greensborough. 
August 25 ; temperature 69^. This is a small stream, very clear, and fed by springs. 
It has a bottom of gravel. Fishes from this stream are marked A. 

1. Notorus insignis (Richardson). B., R. 

Some very large specimens. 

2. Ameiurus platycephalus (Girard). B., R. 

Very abundant in the river. This species swarms in all the river bottoms from 
the Cape Fear to the Ocmulgee, reaching a length of something more than a foot. 
Unlike the other catfishes, it feeds almost exclusively on vegetation, its long intestines 
being always found crowded with the remains of river weeds. This fact may render 
it desirable for introduction into streams not adapted for any better fish. It is largely 
used for food in the regions where it occurs. 

I am unable to distinguish Ameiurm brunneus Jordan, from A. platycephalus. The 
species varies considerably, and in old examples the head becomes very flat and broad. 
Excessively abundant as is this species in the Cape Fear, and in the streams further 
down the coast, it has not yet been noticed in the Neuse or the Roanoke. 

3. Mozostoma papiUosuxn (Cope). R. 

Common. These specimens are quite elongate, and vary somewhat among them- 
selves ; fins all red in some, in others the caudal only ; edge of dorsal concave. Heail 
4 to 4 J in length ; depth 4^. D. 12 to 14. 
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4. Minytrema melanops (Rafinesqne). R. '' Black Winter Sucker/' 

Two specimens similar to northern examples ; a distinct broad lateral stripe of 
parplish red in male ; snoat and anal tabercolate. Scales 44. 

5. Erimyzon Buoetta (Lac^p^e). B., A., B., S. 

Common ; scales 39 to 40. 

6. Hybognathus nuchalis Agassiz. R. 

Common. 

7. Notropis procne (Cope). R., A., B., S. 

Extremely common. Specimens larger than any taken farther north ; the jet- 
black lateral band distinct; fins slightly yellowish. 

8. Notropis altipimiis (Cope). A.,B.,S. 

Very common in the clear streams. This species does not belong to the atherinaide$ 
or rubrifrims type, but it is a very near ally of N. chilitieus, rubricrooeus^ chlorooephalu8j 
etc. It is most closely related to N. chalybceus (Cope), so closely that I am not at all 
sare that it is distinct from the specimens from Blackwater Biver, which I have re- 
ferred to the latter species. The specimens of N. altipinnis are, however, much deeper 
in body, the back more elevated, and the lateral line more decurved ; head a little 
more robust; dorsal fin high; depth 3^ in length; lateral line complete; eye large; 
scales before dorsal small ; color in life greenish, a burnished lateral band formed of 
black points passing from snout to base of caudal ; young with a black caudal spot ; 
no black at base of anal ; dorsal, anal, and caudal faintly reddish ; snout yellowish in 
life; lower lip always .dusky. Anal rays 9. 

9. Notropis aaludantiB (Jordan & Brayton). R. 

Scarce. 

10. Notropis nlveus (Cope). R. 

Common in the river. These specimens show much variety of form of body and 
in form of snout. If N, chloristius (Jordan & Brayton), and N. niveu^ are really dis- 
tinct species, both are represented in this collection, the chloristitiH form being more 
abundant. Dorsal and caudal light brownish yellow in life ; snout slightly yellowish. 

11. Notropis scepticus Jordan & Gilbert. R. 

Not rare. Very pale green, the sides silvery. Bye very large, 3 in head. 
Head and body less elongate than in N amosnus^ th(i eye still larger. Scales before 
dorsal larger, 13 to 15, depth 4J ; A. 10. This is apparently the species recorded by 
Cope as Photogenis leucops var., but it can not be the original Notropis photogenis. The 
specimens from the Saluda referred by Jordan & Brayton to N. photogenis seem to 
belong to N. scepticus. 

12. Semotilus atromaculatus (Mitchill). A., B., S. 

Very common in the brooks. These North Carolina specimens are almost inter- 
mediate between the ordinary species and the more southern S. tlu>reaiiianus. Scales 
48 tx)55, usually about 49, less crowded anteriorly than in S, atromaculatus. The head 
is longer and less blunt than in 8. tlioreauianus ; S^ in length, 4 in thoreauianus (from 
Tuscaloosa, Ala.), of the same size, the scales in the latter 45. In life the black dorsal 
spot surrounded by scarlet; base of anal, veutrals, and pectorals pinkish ; caudal 
yellowish. 
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13. Notemlgonus chrysoleucus (Mitchill). B. 

A. 16. Scales 46, hence of the var. bo8ci. 

14. Lnciua retioulatus (Le Sueur). B. 

One specimen. {Esoxaffinis Uolbrook.) 

15. Lucius americanus (Gmelin). B.,A.,S. 

Common in clear brooks. Body with 18 to 20 dark green cross-shades ; lower 
fins all scarlet; upper fins edged above with carmine. Snout extremely short and 
broad, 2§ in head. Scales 88. Stomach packed full of small minnows. This is Esox 
raveneli Holbrook. 

16. Fondulus rathbuni Jordan & Meek. R., A., B., S. 

Common in the small brooks ; scarce in the river. 

17. AnguiUa anguilla rostrata (Le Sueur). R., B. 

Common. 

18. Chaenobryttus gulosus (Cuv. & Val.). R. 

One specimen. I find no difference except in shade of color, on comparison olf 
this specimen with Chasnobryttm antistius McKay. 

19. Lepoznis auritus (L.). R., A., B. 

Common. These specimens belong to the northern or typical auritus. 

20. Btheostoma peltatum Stauffer. B., A. 

Scarce. Colors very bright ; a few scales on opercle, none on cheeks. 

21. Btheostoma nigrum (Rafinesque.) R. 

Very abundant in river. Scales 46 ; some specimens much spotted, especially on 
head and pectoral. One male with the head black. 

I.— THE GREAT PEDEE RIVER. 

The Great Pedee, called in North Carolina the Yadkin, rises in the north of the 
central part of North Carolina and flows nearly southward to the sea, its mouth being 
in the eastern part of South Carolina. The whole upper course of the stream is through 
the red clays of the " Piedmont" region. The river itself and most of its tributaries 
are therefore, for the whole year around, discolored by sediment and unfavorable to 
fish life. A number of large species of sucker (Moxostoma) occur in the river, ascend- 
ing the smaller streams to spawn in the spring. Large collections of these were made 
by Professor Cope at the time of his visit in 1869, when they were taken in numbers 
on the weirs. No specimens of these are, however, obtainable in August, at which 
time both old and young have retreated to the main rivers. Collections were made by 
us only in the neighborhood of Salisbury. 

1. Little Yadkin River (or South River) at Lindsay's Mills (South River P. O.). 
August 24; temperature 72^. This point is about 8 miles north of the city of Salis- 
bury, and not far from the junction of the South River and the Yadkin. The South 
River is a large and rather shallow stream, flowing swiftly over a gravelly bottom. 
Its water is grayish yellow, full of sediment. The number of species found is small. 

2. Second Creek, a tributary of South River, 1 mile further south. August 24; 
temperature 71^. A very muddy stream, its waters red with clay. Fishes few, sim- 
ilar to those in the river. 
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3. Jumping RuUj a small clear ^^ spring branch," 6 miles north of Salisbury. An- 
gast 24; temperatare 69^. In this stream were foand Fuiidulus rathhuni and No- 
tropis chiliticus. 

1. NotoruB insignis (Richardson). 

Common, as everywhere. 

2. Ameiurus platyoeplialus (Glrard). 

Very abundant in the river. 

3. Ameiurus albidus (Le Snenr). 

One specimen. A. 22. Caudal forked. 

4. Hybognathus nuchalis Agassiz. 

Common. 

5. Notropis saludanus (Jordan & Brayton). 

Not rare. Very pale; head 4 to 4^ in length; most specimens with a black caudal 
spot. 

,6. Notropis chiUticus (Cope). 

Not rare. In life, light green, a distinct silvery lateral band. Lips, snout, and 
n)iddle of dorsal, anal, and caudal vermilion. Whole body flushed with red in males; 
usually a black caudal spot. A strongly marked species, allied to N. chlorocephalu8j 
N. chalyhceus^ altipinniSj etc. It is less robust in form than y. altipinnis, the head 
more slender, and the mouth larger. 

7. Notropis niveus (Copo). 

Common. These specimens seem to be of the typical N. nivetts. One old male 
has the body very elongate, the dorsal high. In life more or less bluish, silvery below ; 
a black dorsal blotch ; male with dorsal and caudal pale yellowish brown ; the tips of 
the fins and the anal milky. 

8. Notropis pyrrhomelas (Cope). 

Common. This s])ecies is well distinguished at all ages by the large eye and mouth 
and the long anal (of 10 rays) in connection with the black dorsal blotch. Most speci- 
mens show a black blotch at base of caudal. 

9. Hybopsis labrosus (Cope). 

Common. Males dark steel-blue, with black markings on back, and especially at 
base of dorsal ; snout and fins all orange. Females very pale silvery, with a bluish 
streak along sides of tail. Barbel very long. Geratichthys zanetntis (Jordan & Bray- 
ton), from Saluda River, is identical with H. labrosus. 

10. Hybopsis kentuckiensis (Katinesfiue). 

Common. This is probably the si)ecies described from the Yadkin Biver, at 
Salem, N. C, as Geratichthys leptocephalus Girard. 

11. Fundulus rathbuni .Ionian Sl Meek. 

Numerous young specimens taken in Jumping Bun. 

12. Lepomis auritus (L.). 

Scarce. 

13. Etheostoma nigrum (Rafinesqiie). 

Not rare. 

14. Etheostoma peltatum Staufier. 

Frequent. Scales 55. 
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J.— THE SANTEE RIVER. 

The Santee River is formed by the confluence of a namber of large rivers all of 
which rise on the eastern slope of the Blue Ridge. The headwaters of nearly all these 
streams are clear and cold, many of them abounding in trout. As these rivers flow 
southeastward through the red and yellow clays of the " Piedmont '^ region, the 
waters become yellow with sediment and the river ultimately formed is scarcely less 
muddy than the Great Pedee or the Cape Fear. The mouth of the Santee is near 
that of the Great Pedee, just north of Cape Romain. The name Santee is given to 
the lower course only of the river, below the junction of the two great branches, the 
Wateree and the Coiigaree. Tlie Wateree, called in North Carolina the Catawba, 
rises in western North Carolina near Swannanoa Gap. It is the largest and the 
clearest of the tributaries of the Santee. The Congaree is in turn formed by the 
junction of the Saluda and the Broad. The Saluda, rising in Saluda Gap, South 
Carolina, is a comparatively clear stream, and its fauna has been investigated by 
Jordan & Brayton (Bull. U. S. Nat. Mus., xii 1878). The Broad River, rising in 
North Carolina, is coinj)aratively muddy, as are most of its tributaries, in three of 
which — the Pacollet, Tiger, and Bnnoree — collections have been made. Although the 
basin of the Santee covers a wide extent of country, with considerable variation in its 
physical characters, it^ fish fauna is quite uniform. For the most part the same 
species were found by us at Marion, Morganton, and Spartanburgh that had pre- 
viously been found by Cope at Marion, and by Jordan and Brayton at Greenville. In 
the past summer collections were made at each of the following localities: 

1. Catatvha River near Marion, N. C. August 22; temperature 73o. Collec- 
tions made at the upper ford, 3 miles northwest of Marion, about a mile below the 
month of Buck's Creek. The character of the river is similar to that of the upper 
Roanoke; gravelly bottom on shallows, alternating with deep stretches in which the 
bottom is muddy. The water is warm and somewhat muddy, of a light yellowish 
color. This is a good region for making collections. Species from this locality are 
marked C. 

2. BucWs Creek at Pleasant Garden. August 22; temperature 69o. About 4 
miles northwest of Marion, near the post-oflice of Pleasant Garden, Buck's Creek 
rises in mountain springs and flows into the Catawba. It is a very clear, strong, swift 
mountain stream, flowing over gravel and bowlders, the rocks in its bed being cov- 
ered by river weed (Podostsmon). It is extremely well stocked with small fishes, the 
darters especially being very abundant. Species found in this stream are marked B. 

3. Johv?8 River near Morganton. August 23; temperature 1¥^. John's River 
flows into the Catawba at a point about 4 miles northeast of Morganton. It is a large, 
(ilear stream, having its source in the mountains. Its waters are warmer and less 
clear than those of Buck's Creek, and its bottom is gravelly rather than rocky. In 
its upper course it is, however, probably similar to Buck's Creek. Both these streams 
and the Linville River, which comes into the Catawba midway between them, are 
suitable for trout. The California rainbow trout, Salmo iridetis^ has been placed in 
the John's and the Linville, but I have not heard of any results from this plant. Species 
found in John's River are marked J. 

4. Catawba River at Morganton. August 23; temperature 74^. The river at the 
bridge at the northeast of Morganton is broad and shallow, with rocky bottom ; the 
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water very maddy. Oatfishes {Ameiurus platycephalus) are extremely abandant in 
the river here. The other fishes obtaiued are the same as those taken at Marion ; the 
latter locality is more favorable for collecting^. 

6. PcLoollet River at Clifton Factory. Augast 17; temperature 87o. The Pa- 
collet, a large tributary of Broad Biver, was examined at a point 7 miles northeast 
of the town of Spartanbargb, S. C. Collections were made below the dam of the 
Clifton Cotton Factory. The bottom in most places is excessively rocky and the 
river flows swiftly over the rocks, which are bare of vegetation. In the deep still 
places, however, the bottom is maddy. The water is very muddy and warm and the 
river is one altogether unfavorable for the production of fishes. A few specimens 
(Moxostoma rupiscartea^ M. papillosum^ Ameiurus platycephaluSy Lepomis auritus) were 
obtaiued from a fisherman who had drawn a coarse seine at a point farther up tho 
river. Moxostoma rupiscartes and Ameiurus platycephalus are the chief food-fishes in 
the markets of St)artanbargh. Species found in Pacollet Eiver are marked P. 

6. tiger Biver at Cleveland Shoals. August 18; temperature 76. The Tiger 
Biver is a deep, sullen, muddy stream, running through woodland with little current, 
and ultimately flowing into Broad Biver. Our collections were made in the North 
Pork of the Tiger, at a point 6 miles west of Spartanbnrgh. The river flows in a deep 
valley, almost a ravine, in the woods. It is crossed by a natural dam of granite 
making a perpendicular waterfall some 5 feet high, known as Cleveland Shoals. 
Below the fall the water flows swiftly over angular rocks which are not covered with 
river weed. The water is rather cold but very muddy, almost red. It contains few 
fishes and these are of few kinds. These species are marked T. 

7. Forest Creek near Spartanbnrgh. August 18; temperature 72o. Forest Creek 
is a small, clear ^^ spring branch," running swiftly over sand and gravel, and fiowing 
into Tiger Biver. It was seined at a point IJ miles west of Spartanbnrgh. It con- 
tains darters and the rare Notropis lutipinnis^ hitherto known only from the Oconee 
Biver. 

It is probable that the following list includes almost every species that belongs 
to the upper waters of the Santee In the lower course species of Esox, LepidosUmSy 
Amia^ and other lowland fishes doubtless occur. I have Noteniigonus chrysoleucus 
hosd from the Congaree at Columbia, S. C, and, according to Dr. Bean, the U. 8. 
National Museum has received Lahidesthes sicculus from the same locality. 

1. Noturus insignis (RichardHon). B., J., C, T. 

Common. The specimens from the Catawba are quite dark in color, the edge of 
the caudal darker; body less elongate, and the head less depressed than in s])ecimens 
from further north, the back a little elevated, the pectoral spines a shiide shorter than 
usual. 

2. Ameiurus platycephalus (Girard). (\, J.. P. 

Very abundant in all the larger streams. Variable in form and color, the range 
of variation apparently including A. hrunnem. 

3. CatOBtomus teres (Mitchill). C, B. 

Bather common. 

4. Mozostoma papiUosum (Coi)o). C, V. 

Bather scarce. 
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5. Mozostoma nipiscartes Jordan & Jenkins. B., C, J., P., T. 

The 8i)ecimeii8 from the Catawba, Saluda, Ocmulgee, and other rivers south of 
the Neuse, hitherto referred to Moxostoma cervinum by Cope aud by the writer, seem 
to belong to a distinct species, for which we have proposed the name of Moxostoma 
rupiscartesy the latter name -in allusion to the vernacular name of <^ Jump Bocks,'' by 
which the species is known in Georgia. It is closely allied to M. cervinum^ diifering 
chiefly in its smaller scales and more uniform coloration. It reaches a larger size; its 
lips are larger, and the form of its dorsal fin is somewhat different. It is very abun- 
dant in the Catawba, Pacollet, and all other large streams in the Santee Basin. It is 
less strictly confined to rapids, shoals, and waterfalls than is the case with M, cervinum, 

6. Campostoma anomalum (Rafiuesque). B., J., C. 

Rather common ; scales 52. 

7. Hybognathus nuchalis Agassiz. C, J* 

Common. 

8. Notropis saludanus (Jordan & Brayton). J., P. 

Not rare. It may be that the southern form of this fish is a species distinct alike 
from the northern hudsonius and from the amarus of the Potomac. Comparison of 
numerous specimens shows the following results: 

The southern form, saludamis, James River to Ocmulgee River, has the head 
notably longer (4^ in length in specimens from John's River ; 4f in specimens from 
Swift Creek) ; the snout is especially longer, projexjting over the inferior mouth ; the 
snout about as long as eye, which is about 4 in head. Teeth 1, 4-4, 0. 
/> Var. amarus from the Potomac has head shorter and deeper (4^ to 4f in length); 
eye larger (3i in head) ; caudal spot faint; teeth 1, 4-4, 0. 

\ar. hudsonius (sjiecimens from Michigan City, Ind.), has the head still shorter 
(4§ in length); e^-e 3f in head, as loug as snout; snout blunt; mouth a little more 
oblique than in ainarus or saludanus ; maxillary not to front of eye; teeth 2, 4-4, 1. 
Caudal spot jet black. 

n Var. selene from Keweenaw, Lake Superior, has the head still shorter (4J in body) ; 
mouth quite oblique, the premaxillary on level of lower part of pupil; snout f eye; 
maxillary reaching front of eye; caudal spot jet black. Teeth 2, 4-4, 1 or 2. 

The extremes, selene and saludanus^ certainly look like very distinct species, but 
the intergradations are such that it seems safest to regard the whole series as varieties 
of one species, N. hudsonius, 

9. Notropis procne (Cope). C. 

Abundant in the Catawba, in the river channels ; not noticed in the other streams. 

10. Notropis chlorocephalus (Cope). B. 

Abundant in the clear, swift waters of Buck's Creek. Green in life ; dorsal and 
caudal red at base; sides of head and lateral band on sides red. Adult males with 
the whole body cherry-red, the back green, lower jaw not black. Allied to N. rubri- 
croceus. 

11. Notropis lutipinnis (Jordan & Brayton). F. 

Six specimens taken in the clear waters of Forest Cre^k ; hitherto known only 
from a similar locality on the headwaters of the Oconee, in Georgia. In life, pale 
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olive ; broad metallic lateral band ; iris red ; body in male flushed with brownish red ; 
head and fins all bright yellow, without red; scales before dorsal smaller than in 
related species. 

12. Notropis niveus (Cope). J., C, P., T. 

(Including N.chloristius (Jordan & Brayton.) 

Abandant. This species is one of the most puzzling in its variations, and I am 
not yet sure whether it is really distinct from N. whippleiy or whether, on the other 
hand, I have not confounded two species under the name niveus. 

All the specimens taken in the Catawba, and most of those from the Pacollet, are 
the typical chloristius. This form is very close to N', whipplei,, the eye a little smaller, the 
head niore slender, the blue stripe on side of tail more distinct. In these the eye is 4 
in head, and the body short and deep, the depth 33 to 4J 5 scales 36. Two of the 
specimens from the Pacollet, and most of those from the rivers farther eastward, cor- 
respond best to the descriptions of N. niveus. In this form the body is elongate, com- 
pressed, with the back more elevated. Eye 3^ in head ; depth of body 4J to 5 ; scales 
39. The blue stripe on caudal peduncle is less distinct, and there is a trace of a cau- 
dal spot. Head subconic, the thickish snout projecting. The species from the Dis- 
mal Swamj) region, identified by us as N. niveus^ is not quite like either of these forms. 
It is certainly quite unlike chloristius. Our collection shows so many intermediate or 
indeterminable examples that I am compelled to record all under a single name, IfotrO' 
pis niveus. 

13. Notropis pyrrhomelas (Cope). B., C, J., P., T., F. 

The most al)un<lant fish in the Santee basin, and one of the most showy of the 
Cyprinidw, the male retaining its bright colors through the summer. 

14. Notropis scepticus Jordan & Gilbert. J., C, T. 

Not rare. Close to N. amcenusj but with the snout shorter and blunter, the eye 
larger. Si)eciniens show considerable variation in form, but all belong to one species. 
Scales before dorsal 14 to 16 ((3atawba) to 18 (Pacollet). Green in life; sides silvery; 
no red. 

15. Squalius vandoisulus (Cuv. & Vnl.). R. 

Abundant in Huc/k's Creek. Dark hiteral stripe very obscure; depth 4J in length. 

16. Hybopsis hypsinotus (Oopc). P. 

One specimen frouj Pacollet UivcM. An aWy of II. amblops. A dusky lateral band 
through eye and snout, ending in Ji faint caudal spot. Resembles N. procne, but with 
an evident barbel. 

17. Hybopsis labrosus (Cojm^). H., .F., P. 

{Ceratichthya zanemim Jordan iV Hra.vtou.) 

Common in clear water. Male steel blue; a black spot on back at base of dorsal 
in front; a dark shade under middle of dorsal ; a black blotch on membranes of dorsal, 
as in Notropis xchipplei and niveus ; a dark caudal spot; a plumbeous shade on sides: 
caudal with a dusky shade on membranes; a dark shade on oj)ercle; snout and all 
fins bright red; female pale, with faint black blot(;h on dorsal, and with n(»red. 

This species is in form and coloration remarkably unlike all the others in the 
genus. 
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18. Hybopsis kentucklenaia (Rafinesqne). P., F., B., C, J., T. 

Very coiiiiuoii; body short and deep; scales 39. 

19. Angnilla anguilla rostrata (Lc Sueur). C, T., P. 

Everywhere common. 

20. SalvelinuB fontinalis (Mitcbill). B. 

Brook tront abound in the headwaters of Back's Creek, and doubtless also in the 
Linville and John's Rivers. None were taken by us. 

21. Lepomis auritus (L.). B., J., C, P. 

Connuon. The specimens from this region belong to var. solis^ characterized by 
the slightly larger scales. Usually a dark shade at base of last rays of dorsal. 

22. Etheostoma nigrum (Rafinesque). B., C, J. 

Common in the river channels ; scarce in the smaller streams. Scales 44. 

23. Etheostoma peltatum Stauffer. B., C, J., P. 

Frequent. Especially common in John's River. Head usually naked. Scales 52 
to 54. Dorsal low, with median black band; second dorsal, caudal, and pectoral 
sharply banded. D. XI, or XII-I4. 

24. Etheostoma thalassinum (Jordan & Braytou). B., J., F., P. 

Much the commonest of the darters, especially abundant among the weed-grown 
rocks of Buck's Creek. Scales 40. Caudal distinctly lunate. In life, green; mottled 
in various shades; body with 6 or 7 cross-bars of bluish -green ; ventrals and anal 
bluish-green; fins mottled, not barred; orange on belly and on bases of pectoral and 
caudal ; spinous dorsal edged with orange ; a dark spot and a yellow ares^ at base of 
pectoral ; a pale oblique streak below and behind eye. 

25. Etheostoma flabellare (Rafinesque). B., J. 

Common in clear waters. Most specimens have but seven dorsal spines. The* 
number of scales is unexpectedly variable. I count 40, 39, 41, 43, 44, 50, in six 
specimens. 

K.— THE KANAWHA RIVER. 

The Kanawha River, called in Virginia the New River, rises on the western slope 
of the Blue Ridge in western North (3arolina, and flows nearly north through Vir- 
ginia and West Virginia into the Ohio River. Its tributaries are generally clear 
mountain streams, though the river itself is more or less stained by the yellow clays 
over which it flows. The fauna of the Kanawha is essentially that of the Ohio, 
although it contains a few species (as Exoglossum niaxillingua) not found in any other 
western waters. 

Our collections include but a small part of the fauna of the Kanawha, as the high 
waters of the middle of September made it necessary to abandon work both on the 
Kanawha and the James. The three streams examined are all unsuitable for successful 
collecting. 

1. Peak Creek at Pulaski, Va. August 4; temperature about 67^. A clear, cold 
stream with very rocky bottom and many deep holes among rocks. This stream was 
carefully seined for a distance of about half a mile above Pulaski. It contains great 
numbers of black bass {Micropterus dolomieu) and absolutely nothing else, two small 
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minnows (Pimephales notattis) being the only other fishes obtained. It would seem 
that dry weather often reduces this creek to a succession of pools. The bass live in 
these and devour everything else. 

2. Little Peak (Jreek^ Pulaski, Ya. August 4 ; temperature about 7do. A small 
tributary of the preceding, into which it flows, in the village of Pulaski. It is a 
shallow, warm, clear stream, with gravelly bottom, full of little minnows and darters, 
thus presenting a striking contrast with the preceding creek. The species found here 
are marked P. 

3. Reed Creek near Wytheville, Va. August 6; temperature 79o. This stream 
was seined at various points about 4 miles east of Wytheville. It is a warm, 
muddy stream, the water gray in color. It flows through cultivated fields and pas- 
tures. The bottom is rocky in the shallows, elsewhere muddy. The character of the 
water makes this an unfavorable stream for collecting. 

4. Hatchery Stream. — The U. S. Fish Hatchery Station is located on a tributary 
of Beed Creek, about 5 miles west of Wytheville. The water in this little brook is 
very cold, the temperature being about ^^^. 

1. CatOBtomuB teres (Mitchill). P., R. 

Common. 

2. CatostomuB nigricans (Le Sueur). P., R. 

Common in swift waters. 

3. CampoBtoma anomalum (Ratiuesque). P.,R. 

Common. 

4. PimephaleB notatuB (Raiinesque). P.,R. 

Common ; the only minnow found in Big Peak Creek. 

. 5. ExogloBBum majdlling;ua (Le Sueur). R. 

Scarce in Beed Creek. The occurrence of this eastern species in the basin of the 
Kanawha is an interesting fact in geographical distribution. 

6. NotropiB microstomuB (Rafiiiesque). R. Ifybopsis utramiiieHs C<>pe. 

Rather scarce. Compared with specimens of straniineus from the White River at 
Gosport, Ind., these specimens have the back considerably elevated, the eye a 
little smaller, the form of the snout and mouth the same, sides silvery, with scarcely 
a trace of black speciks along the lateral line. Scales 30; teeth 4-4. 

7. NotropiB kana'wha Jordan Ar Ji'iikiiiH. R. 

Not rare in Reed Creek. 

8. NotropiB Bcabriceps (('oix*)* R- 

A single specimen, the first which I have recognized as belonging to this species. 
The species from Arkansas referred by Jordan and (iilbert to JV\ Hcahrieeps belong t*) 
N. hoops Gilbert, whicli is probably identical with N, illccebrosm (Uiranl). 

Body formed as in Hyhopsis amhlops; head broad, blunt anteriorly; eye very large, 
longer than sntmt, 3 in head; snout obtusely rounded in profile; mouth nuMlerate, 
little oblique, the jaws about ecjual; the maxillary extendin^r a little past front of eye; 
s<;ales large, 13 lK3fore dorsal; tins small; dorsal over ventrals. A. 8. Color ])a1e 
greenish above. 
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9. NotropiB photogenis (Cope). R. 

A 8i)ecies which 1 ideutify with Cope's description is not rare in Beed Greek. It 
closely resembles N. rtiftri/Von* (8i)ecimeus from White Biver, at Indianapolis); size, 
form, and color similar. The eye, however, is larger (3 m head), and there are 25 
scales before the dorsal instead of 16. Compared with y. amodnusj from Laray, the 
eye is smaller, the body is more slender, and there are no black specks along the base 
of the anal fin. Color pale, a bluish streak along side of caudal peduncle ; some dark 
I)oints along lateral lines. Scales 40. 

10. Notropis atherinoideB (Rafinesqae). P., R. 

Common in quiet x)hices; reaching a length of 4 to 6 inches. Color translucent 
green; sides bright silvery. Head 4| in length; depth 5J; maxillary 2^ in head; 
eye 3^ to 3. I refer these specimens to N. atheriftoiden (=rubellus Agassiz), without 
Imng quite certain whether the latter name includes more than one species. This is 
evidently the species called by Cope Albumellus jaculus. 

Specimens from the Ilolston River agree fully, except that they are a little more 
slender in body ; depth 6. 

Specimens from Deer Creek, Indiana, called by Evermann and Jenkins Notropis 
arge, and evidently Alburnellus arge Cope, are a very little more robust, but have pre- 
cisely the same eye, snout, and mouth. 

Specimens from the falls of the Ohio {N. dinemus Bafinesque) are a little stouter, 
the eye a shade smaller ; the eye, mouth, and head notably shorter ; head 4^ in length ; 
eye equal to snout ; 3^ in head ; maxillary 3^ in head. ^ 

Other S[>ecimens (dinemus) from Pipe Creek (White Biver), near Anderson, Ind., 
are similar, but with the snout and mouth longer, thus approaching arge. 

Still other specimens from Deer Creek, called atherinoides by Evermann and 
Jenkins, have the eye notably smaller and the snout sharper. 

N. amcenus^ from Luray, is stouter and more compressed, with stouter head and 
smaller scales before dorsal. It is also less silvery in color. In form of eye and mouth 
this species scarcely differs from N. atherinoides (arge). 

11. HybopsiB kentuckienalB (RatiDesqae). P., R. 

Common. 

12. Semotilus atromaculatus (Mitchill). P., R. 

Common ; scales 55. 

13. Rhinichthys cataractae (Cuv. & Val.). R. 

Not common ; scales about 70. 

14. Phozinus margarituB (Cope). R. 

Bather scarce. Scales smaller than in eastern examples. Perhaps this may 
prove to be a different species. IIea<i 4J in length ; depth nearly the same ; mouth 
very small, anterior ; scalea 52 to 54: (5S in mar (far itus); 28 scales before dorsal ; dorsal 
quite low, inserted behind ventrals. Color dark, a very distinct caudal spot, and a 
well-defined black lateral band. The specimens are all small, the largest 2 inches 
long. 

15. AUcropterus dolomieu (Lac6p^<le). P., R. 

Extremely common. As already statec^, the Big Peak Creek is stocked with black 
bass, to the exclusion of everything else. 
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16. Ambloplites rupeBtris (Rafinesqae). P. 

Abundant in the little mill-pond on Little Peak Creek. 

17. Etheostoma blennioldes (Rafinesqne). P., R. 

Not rare. 

18. EtheoBtoma flabeUare (Rafinesqae). P., R. 

Abundant in clean shallow waters in Little Peak Creek. 

19. Cottus bairdl Gii-ard. R. 

Not rare. 

L.— THE HOLSTON RIVER. 

The Holston is one of the three main tributaries of the Tennessee River. Of these 
three it is the largest and the one most nearly in line with the general course of the 
river. The Holston is formed by the union of three streams nearly equal in size and 
similar in physical respects which flow in parallel valleys separated by low mountains 
or hills. These are the South Fork, the Middle Fork, and the North Fork. All these 
streams were carefully seined, and it is believed that the present collection includes 
very nearly ail the fishes occurring in the upper tributaries of the Tennessee. Of the 
large catfish, buffalo-fishes, drums, etc., found in the lower course of the river, no 
specimens were obtained. 

1. South Forh of the Holston River at Holstein Mills, Va. August 7; temperature 
720. Holstein Mills lies about 9 miles south of Marion, Va. The river here is very 
clear, rather cold. Its bottom is rocky and gravelly, and the waters rather swift, 
there being often an alternation of rapids and deep pools. The stream was fished 
between the dams in the village, and also below the lower dam. The latter locality is 
a most excellent one for making collections, one of the very best of all those found by 
us. Darters {E, simoterum) swarm on the bottom, and the swift waters below the dam 
are literally full of Notropis rubricroceus and N'. coccogenis^ both species marked with 
brilliant red in life. Troui {Sal vel inns font inalis) are found above the dams, but the 
catfish and the black bass do not ascend so far. The California rainbow trout 
(Salmo irideus) has been introduced into this river, and a specimen was lately taken 
with the hook above Holstein Mills. Species from Holstein Mills are marked S. 

2. Middle Fork of the HoUton at Marion, Va. August 7; temperature 71^. 
Seined in the town and for about half a mile above the railway station. The stream is 
similar to the preceding, and equally clear and cold. It has less volume of water, and 
the bottom is more rocky. The same species were found, and the locality is perhaps 
equally good for collections. The species obtained are marked M. 

3. Middle Fork of the HoUton River near (ilade Spring, Va. August 8; temper- 
ature 750. Seined at a point about 5 miles south of the villaj^e of Glade Spring, in 
and about a ford on the Byers farm. The stream is here considerably larger than at 
Marion. The water is much warmer and with less current. It flows through pasture 
land, and the water thereby rendered somewhat gray from clay washed into the river. 
The bottom is partly rocky, partly gravi^lly. The locality is not a very good one for 
collecting, although one species was obtained which has not been seen elsewhere. 
Species from Glade Spring are marked G. 

4. North Fork of Holston River at Saltville, Va. August 9; temperature 76o. 
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The North Fork at Saltville is somewhat larger than either of the other branches at 
the localities examined. It was seined at the ford, about a mile north of Saltville, 
and in different places for aboat one-quarter mile above the ford and nearly a mile 
l>e1ow it. The best collecting ground is at the ford itself. Lower down, the river can 
hardly be seined at all, its bottom being covered with large rocks, which have fallen 
from a high bluff on a bend of the river. The stream is moderately swift, not very 
clear, the water warm. In some places large numbers of water planfls grow, foiming 
lurking places for small fishes. This is a fair locality for making collections, and two 
or three new species have been described from this locality by Professor Cope. Spe- 
cies from the North Fork are marked N. 

6. Beaver Creek near Bristol, Tenn. August 10 ; temperature 79o. Seined at a 
point about 4 miles south of the town of Bristol, where the stream approaches the main 
road. A small, clear tributary called Cedar Creek was also examined, but nothing of 
8i>ecial interest found. Beaver Creek is a rather small btream, about 15 feet wide, 
shallow, and swift. At the locality examined are many smooth, flat rocks inclined at 
angles. Over these the stream slides in small water-falls interspersed by shallow pools. 
The stream is warm and rather muddy, flowing mostly through open pastures. Its 
fauna is scanty, and it was probably less worthy of a visit than any other stream ex- 
amined by us. Species from Beaver Creek are marked B. 

6. Watauga River from Elizabethton to Watauga Point, Tenn. August 11; tem- 
I>erature 79o. The Watauga is a large tributary of the Holsion, having, like the 
French Broad, it« rise in the plateau of western North Carolina. Its headwaters are 
cold mountain streams, which abound in trout. At Elizabethton it is a considerable 
river, with a very rough bottom, often crossed by dam like ridges of perpendicular 
rocks. In the shallow places the current is swift, and in the deep still stretches the 
lK)ttom is so covered with ooze and sawdust that the net can not be used. The water 
is warm and not very clear, being stained red by the clay soils of the region. It is 
well stocked with fishes, its channel especially having very large darters. It is, how- 
ever, a stream not easily worked. Collections were made at all suitable points from 
the mouth of Doe River, in Elizabethton, to the mouth of Buffalo Creek. Fishes 
from the Watauga are marked W. 

7. Doe River at Elizal)ethton. August 11 ; temperature 78o. Doe River, near its 
mouth in Elizabethton, is a very clear stream, having its source in the flanks of Roan 
Mountain. Its waters are warm, and its bottom is covered with large round bowlders 
and shingle brought down from the mountains. These rocks have no nver weed or 
other vegetation, and there are but few fishes among them. For so attractive a stream 
Doe River is a very di8ap[)ointing one. The absence of darters is doubtless due to the 
absence of bottom vegetation. Fishes from this stream are marked D. 

1. Notums miuras (Jordan). N. 

Not rare in the weeds above the ford. The specimens are quite large and the 
color is rather x)ale. In general they agree with Indiana examples. 

2. LeptopB olivaris (RatineHqiio). W. 

Large yellow-cats are taken in the deep channels of all the branches of the Holston. 
The specimens seen by us were from the Watauga. 

3. Catostomus teres (Mitchill). S., M., G., B., W. 

Common. 
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4. CatOBtomnB nIgilcanB (Le Snenr). S., M., G., B., W., D. 

Common in swift waters. 

5. MozoBtoma duqueanel (Le Saeur). M., G. , N., B., W. 

Common in the larger streams. \The specimens agree with the common northern 
red-horse, except that the free edge of the dorsal is decidedly concave. D. nsaally 
13 ; lower fins red, the caadal pale. 

6. Isagochila lacera (Jordan & Bray ton). N. 

A few specimens taken at Saltville. Scales 45. In life steel-bine; lower fins 
creamy ; snont black ; dorsal and caudal creamy, dusky-edged. 

7. CampoBtoma anomalum (Rafinesqne). S., M. G., N., B., W., D. ''Mammy." 

Everywhere common, ascending small streams. 

8. NotropiB BpectninculuB (Cope). M., S., N., G. 

A small fish characteristic of the mountain streams. Common at Marion and 
Holstein Mills ; rare at Saltville and Glade Spring. Very pale olive ; fius in life pale, 
dull red or salmon color, no red on snout; black caudal spot always distinct. 

9. NotropiB microBtomuB (Rafinesque). N., D. 

Scarce. Back rather more elevated than in the specimens called stramineusj some 
dark specks along lateral liue; 13 scales before dorsal. 

10. NotropiB megalops (RafineHque). S., G., N., B., W. 

Common, but confined to the larger streams, not ascending the colder waters. 
But one taken at Holstein Mills and none at Marion. The specimens belong to Cope's 
VSLT. frontalis (Agassiz), having 17 scales before the dorsal. 

11. NotropiB lacertoBUB (Cope). S., N. 

Two young specimens only taken. This seems to be a rare species. It has been 
known hitherto only from a brief description of a specimen taken by Professor Cope at 
Saltville. 

Color green above ; sides silvery; a dark speck on front of opercle. Very close to 
N. megalops, the young of which it resembles in form and squamation, almost the only 
tangible difference being that the mouth is somewhat larger in N, lacertostis and the 
lower jaw projects. Head 4^ in length ; depth 4^ ; eye a little longer than snout, 3. 
Maxillary reaching to just past front of eye, 3 in head ; mouth oblique, the lower jaw 
prominent. Lateral line decurved. Scales 5-38-3. 17 before dorsal. Fins all low. 
Dorsal slightly behind ventrals. A. 8. (Specimen 2J inches long.) 

12. NotropiB leucioduB (Cope). S., M., G., N., B., W., D. 

Very common, but not ascending the spring branches so far as N. teJescopus. 

Closely related to iV^. telescopiis, but distinguished by the short anal, rather smaller 
eye, usually paler coloration and very distinct caudal spot. Snout a little more obtuse 
than in N. telescopus. Anal rather short and high with 8 rays. Eyes 3 in head ; mouth 
rather smaller and less oblique than in X, tekHcopus, the maxillary 3^ in head, the 
lower jaw slightly included. Insertion of dorsal midway between tip of snout and 
base of caudal, a little behind base of ventrals ; 13 scales before dorsal. Depth 5 in 
length. These two species make up the bulk of the small minnows of the Uolston 
region. 
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13. NotropiB telesoopus (Cope). S., M., G., N., W., D. 

Very commou ; not found in warm creeks (like Beaver Greek)^ but ascending cold 
streams farther than the preceding or the next. 

Oreen, silvery below ; fins pale ; no red, often a faint dnsky caadal spot. Scales 
if back conspicnonsly dark-edged ; the two uppermost rows running into outline of 
back, the one under the dorsal, the other just behind it. Anal with concave edge and 
10 rays. Eye very large, 2f in head, longer than the sharp short snout ; mouth oblique, 
the jaws equal. Insertion of dorsal midway between snout and base of caudal, a little 
behind ventrals; 13 scales before dorsal. Depth 4f to 5^. It reaches a larger size 
than the preceding, but less than the next. 

14. NotropiB atherinoldeB(Raiine6qae). G., N., W., D. 

Abundant in quiet places in the river channels. Very large specimens, 5 inches 
long, in the Watauga. Eye as long as snout, 3^ in head. Snout sharp ; depth 6 in 
length ; 15 scales before dorsal. The specimens are similar to those from the Kana- 
wha basin, but a little more elongate. 

15. NotropiB ariommuB (Cope). W. 

One specimen taken. Very pale ; a silvery lateral band ; eye excessively large, 
2§ in head, nearly twice length of snout, which is evenly rounded ; maxillary 3^ in 
head, reaching front of eye ; mouth oblique ; fins low ; dorsal over ventrals ; head 
44 in length ; depth 5 ; 15 scales before dorsal ; anal rays 9. 

16. NotropiB coccogenlB (Cope). M., S., G., N., B., W., D. 

Everywhere very common, especially in the clear streams, the most abundant of 
the larger minnowR. 

Color in life, steel-blue, silvery below ; a dash of scarlet on upper lip ; axil of pec- 
toral, front of dorsal, and a vertical bar on front of opercle, bright scarlet. Base of 
caudal milky, tinged with reddish anteriorly ; anal and ventrals white. 

17. NotropiB galactunis (Cope). 8., G., N., B., W., D. 

Associated with the preceding and reaching a similar size, but less abundant and 
not ascending the^small streams so far. Very large specimens have the tip of snout, 
dorsal, tip of caudal, pectorals, anal, and ventrals flushed with red. Base of caudal 
conspicuously yellowish-white. 

18. NotropiB nibricroceuB (Cope). M., S., D. 

Excessively abundant in the clear streams, outnumbering all other species at 
Marion and Hoistein Mills; rare in the rivers; a single specimen only taken in 
Doe River, 

In life, bright green, a steel-blue lateral stripe, becoming darker behind and end- 
ing in a distinct caudal spot; a silvery streak below the lateral band; below this a 
red stripe; snout and lips deep brick-red ; base of pectoral scarlet ; belly and cheeks, 
and sometimes back also, flushed with red in old males. This brilliant species reaches 
a length of nearly 4 inches, and even the young and the females show more or less of 
red. 

19. HybopsiB amblops (Rafinesqae). S., M., G., N., B., W., D. {Eyhoptis graoiU$ AgMdz ; Cerai- 

ichthy8 hyaHnu8 Cope.) 

Bather common in all streams except the coldest ; much less abundant than N. 
ooccogeniSj rubricroceuH^ leudoduH^ and tdescopus. No red markings; dark lateral 
Bull. U. S. F. C, 88 10 
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stripe rather distinct. Eye a little smaller than in Indiana specimens, 3^ instead of 
3 in head; otherwise similar. 

20. Hybopsis monachnB (Cope). N. 

Scarce. Agrees with Cope's description, and well distinguished by the small eye 
and dark dorsal spot. 

21. Hybopsis ^^atauga Jordan & Evermann. N., W. 

Bather rare in the river channels. Closely related to H, dissimiliSj bat with 
smaller scales, lat. 1. 52, 22 before dorsal, and with more elongate body and less spot- 
ted coloration. 

22. Hybopsis kentuckiensis (Rafinesqae). 8., M., G., N., B., W., D. 

Common everywhere. 

23. Rbinichthys cataractae (Cnv. & Val.). S. 

In cold streams. But one taken. 

24. Rbinichthys obtusus Agassiz. S., M. (Ehiniohthys lufuitua Cope, not type.?) 

Very abundant in cold streams, not descending to the larger rivers. 

In life, back mottled olive, with many scales blackish ; a very faint dark lateral 
band in most specimens ; belly silvery ; a broad band of creamy yellowish below the 
black lateral band, this extending on cheeks and lips ; fins all creamy ; a dark spot at 
base of caadai ; barbel longer than in atronasuSi the size larger. Scales 70 ; caudal 
little forked ) upper jaw considerably projecting ; eye 5 in head. Insertion of dorsal 
midway between caudal and eye. 

This seems at first sight to be a species quite different from the ordinary fi. atnmasuB 
of the Atlantic rivers. The difference is, however, chiefly oneof color. Theeye is larger 
and the barbel shorter in atronmmy while the jet-black lateral band is much more 
prominent. 

Specimens from Torch Lake, Michigan (jB. lunatus Cope), are much like the Hol- 
ston examples. The coloration is less mottled, the lateral band is obsolete; the mouth 
is more inferior with shorter and wider cleft. Eye 5 in head, depth 5 in length, scales 
62. Dorsal midway between nostril and base of caudal. To the same species or 
variety the specimens from Clear Creek, Bloomington, Ind., must be referred. This 
genus is still in need of careful study in order that its scarcely differentiated species 
and numerous varieties may be known. The distinctive characters given by Mr. Gar- 
man in his revision of the group are not very reliable. 

25. PhenacobiuB uranops Copo. G., N., B., W. 

Common in the river channels ; not ascending cold streams. Scales 60 ; caudal spot 
distinct. 

26. Fundulus catenatus (Storor). 

Not rare in the river at Saltville ; not seen elsewhere. 

27. AUcropterus dolomieu (Lac^pMe). G.^ B., W., N. 

Common in the river channels; not ascending the colder streams, hence not found 
at Marion or at Holstein Mills. 

28. Isepomis paUidus (Mitohill). G. 

Sunfishes of all kinds are scarce in the upland streams. 
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29. Iiepomis megalotds (Rafinesqae). N. 

Scarce. 

30. Ambloplites rupestris (Rafinesqae). S., M., G., B., W. 

Generally commou. 

31. EtheoBtoma caprodes (Rafinesqae). N., W. 

Four large specimens taken in the Wataaga River. These are exactly like north- 
em examples. Two specimens, the largest 3^ inches long, taken at Saltville. These, 
as already noticed by Professor Cope, constitute a <^ marked variety.'' The difference 
is one of color only, these having instead of the usual cross-bands a row of 8 blackish 
rounded blotches, alternating with smaller ones, much as in JEtheostoma aspro. Pec- 
torals plain. 

32. Etheostoma macrocephalum (Cope). Q., N. 

Eather rare ; three specimens from Saltville, one from Glade Spring. Head longer 
and more slender than in U. aspro; maxillary reaching front of pupil, 3^ in head ; 
nape scaly ; cheek naked, or with a few rudimentary scales behind eye ; opercle with 
more or less of very small cycloid scales above, never quite nkked ; eye longer than 
snout ; gill membranes separate ; scales on middle line of belly enlarged ; scales on 
body 73, 76, 77, 82, in the four specimens. D. XVI-I3. A, II, 10. Head 4 in length. 
Nine black spots on side, confluent, squarish in form, sharply defined and edged above 
by a continuous undulating ])ale streak from eye to base of caudal ; fins ail, including 
ventrals, barred ; a small, very distinct spot at base of caudal ; a median dark shade 
across spinous dorsal. 

33. Etheostoma squamatmn (Gilbert A, Swain). W. 

A large species found in the river channels ; two taken in the Watauga. In 
life, dull olive, with eleven obscure dusky spots on side confluent into a narrow dark 
lateral shade ; a black humeral spot and a faint caudal spot ; first dorsal orange- 
shaded anteriorly with a black streak across it. Second dorsal and caudal yellowish 
orange, barred with dusky ] other fins pale yellow. Cheeks, nape, and breast scaly, 
most of the scales cycloid and not imbricate. Gill membranes united across isthmus, 
but meeting at an angle. Anal larger than second dorsal ; scales 76 ; those on median 
line of belly slightly enlarged ; lower jaw as long as upper. 

This strongly- marked species is a near relative of U. phoxocephalum Nelson. 

Comparing large specimens of the latter from New Harmony, Ind., with E. «gua- 
maium^ I notice that the color is nearly the same, the lateral band plainer and narrower 
in squamatum. In phoxocephalum the spots are more numerous, about fifteen in num- 
ber, and transverse rather than rounded. The fins are similar in form and color in 
both, as are also the gill membranes. Head in squamatum a little sharper and more 
depressed, the body slenderer and more compressed. Scales smaller in squ^imatumj 
10 to 12 above lateral line, 7 or 8 in U. phoxocephalum. 

34. BtheoBtoma anrantlacam (Cope). N., W. 

Another large species inhabiting river channels. Two young ones taken at Salt- 
ville ; three large ones in the Watauga. 

Color in life olive, tinged with orange; a black lateral band of confluent black 
blotches ; chin and throat deep orange ; deep orange on front of spinous dorsal, shad- 
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ing to yellow behind ; orange on front of pectoral ; a round yellow spot above each 
interspace in lateral band ; a row of small brown spots on each side of back ; nape 
with orange; gill membranes separate; belly evenly covered with fine scales like 
those on sides ; scales firm and even, 101 in lateral line ; cheeks, opercles, and nape 
finely and closely scaled; head blnntish, the mouth rather large; the eye median. 

35. EtheoBtoma Bimoteruxn (Cope). B.. S., M. 

Very abnndant in cold, clear waters, but not found in the larger streams. Excess- 
ively common about Holstein Mills, the larger specimens beautifully colored. In life, 
pale green, the dark markings dark green; various scales on the back bronze-red 
in the center, the neighboring Hcales light yellow, the bronze markings forming very 
irregular streaks ; belly pale yellow, more or less flushed with bright orange ; spinous 
dorsal pale at base, then a black streak, then pale, each membrane with an orange 
spot throughout the pale streak, the first two spots of a brilliant scarlet ; edge of the 
fin snuffy-brown; soft dorsal with the rays pale yellowish, the membranes spotted 
with bronze-brown, a black spot at base of each ray ; caudal yellowish, with three 
wavy black bars ; anal and ventrals pale yellowish ; pectoral yellowishyfaintly barred ; 
head with various green markings ; scales 51 ; breast naked, or partly scaly. 

36. EtheoBtoma s'wannanoa Jordan & JenkiDH. M., S. 

Two large specimens of this beautiful species taken at Marion and two at Hol- 
stein Mills. It is evidently a species of the cold, clear waters, as it was found rather 
abundant in the Swanuauoa River, near its source. 

37. EtheoBtoma zonale (Copo). B., G., N. 

This species seems to be irregularly distributed, perhaps most abundant in the 
river channels, where the water is neither cold nor clear. The species seems to be 
very variable in coloration as well as in squamation. The specimens from Saltville are 
nearly typical ; green, with about eight conspicuous cross-bars of grass-grei^n (fainter 
in female); a brownish-red band across first dorsal (wanting in female); ventrals and 
pectorals in both sexes creamy orange, barred with green ; other fins yellowish, barred 
with darker; throat naked in some, partly scaly in others; scales G-49-9 (erroneously 
given as 11-50-12 in Jordan and Gilbert, Synopsis). 

In the single specimen from Gludo Spring the markings are very much sharper, 
the spots well defined, and the dark cross-bars much narrower and more definite, about 
twelve in number, narrower than interspaces ; coloration otherwise similar; scales 60; 
a few on upper part of <*Ji(^ek only. 

In several examples from Beaver Creek the coloration is that of the specimen 
from Glade Spring; the opereles are scaly, but the cheeks are naked; the scales are, 
however, much smaller, 7-()0-8 (51M>0-G1 in three examples). 

The specimens taken in the French Broad and its tributaries agree essentially 
with those from Saltville. 

38. EtheoBtoma vereoundum Jonliin A- J<'iikii)H. G. 

The single type of this si)ecies was taken at Glade Spring, 

39. Etheostoma blennioides (KatincHquo.) G., N., D. 

Not rare in the larger streams. Scales 76. 
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40. Etheostoma mfolineatam (Cope). S., M., G., N. 

One of the gaudiest of our fishes, frequenting weed-covered rocks in clear water, 
especially in streams shaded by trees. 

In life, male green, the body with longitudinal stripes, each stripe as wide as one 
row of scales and formed by darker edges of the scales ; some of the scales with center 
spots of bright orange-brown. In each series, usually from 2 to 6 consecutive scales 
are orange-brown, then an equal number are olive, the olive and orange areas irregu- 
larly alternating. Head with an olive- black band through snout to nape ; an interrupted 
band below this, still lower two blackish spots ; usually about five black dashes on 
each side of head, a characteristic color mark ; angle of mouth orange. Lips orange 
except in front; lower jaw with an orange spot; interopercle, opercle, cheek, and first 
three branchiostegals each with orange spots. Belly orange-yellow ; breast deep blue. 
Fins all bordered with scarlet ; a very narrow blackish edge ; a narrow pale streak 
between it and the scarlet. Spinous dorsal straw-color dotted with black and edged 
with orange ; second dorsal similar, more yellow. Caudal scarlet, its center yellow, 
its base with a large blue-black spot which extends into the yellow. Base of caudal 
yellow ; an orange spot above and below. Anal bright yellow at base, then scarlet 
with narrow pale and dark edgings. Ventrals similar. Pectorals yellow, with a black- 
ish and a scarlet crescent at base and a subterminal scarlet band. 

Females green with 8 faint dark cross-bars, obscure and interrupted. Scales on 
sides with yellow streaks arranged like the brown streaks on the male. Fins all yellow. 
Anal and ventrals tinged with orange. Pectorals tinged with orange anteriorly, all 
the fins with bars of dark spots. Caudal blackish, its base yellow. Head with black 
markings similar to those on the male, but without scarlet. 

41. EtheoBtoma flabeUare (Rafinesqne). S., M. 

A species of the springs and other cold, clear waters, not descending to the river 
channels. 

42. Cottus bairdl Girard. M., S., G., N., W., D. ** Mnll-head." 

Very common, esi>ecially in cold waters. 

Few river basins are more favorable for fish life than those of the Holston and 
Tennessee. The combination of clear, cold waters, a bottom of rock and gravel, and a 
warm climate is one extremely favorable to fish development. 

M.— THE FRENCH BROAD RIVER. 

The French Broad is one of the three great rivers .whose union forms the Tennessee. 
Unlike the Clinch and the Holston its course is at right angles to the direction of the 
mountain ranges. It is therefore far more swift and turbulent than either of the 
others, and its course lies mostly over metamor]>hic rather than limestone rocks. The 
French Broad has its rise in innumerable mountain springs in the plateau of western 
North Carolina. Above Asheville, a considerable part of its course is through com- 
paratively level pasture land. The soil is here a red clay produced by the disintegra- 
tion of metamorphic rocks. The stream is therefore more or less red and discolored 
after rains. Its tributaries are, however, for the most part clear at all times. Some of 
these are among the most beautiful trout-brooks in the whole course of the Alleghany 
chain of mountains. High water intorft^red somewhat with our work in the French 
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Broad Bivei itself, but two of its tributaries were very fully and satisfactorily explored. 
It is evident that in no essential respect is its fauna different from that of the Holston. 
Collections were made at the following points : 

1. French Broad River at Long Shoals, about 9 miles southeast of Asheville. 
August 15; temperature 77^. The river at this point is broad, rather swift, and 
BufQciently shallow to permit fording in low water. The bottom is mostly sandy, with 
numerous bowlders. The water at the time of our visit was warm and not very clear. 
It is a poor locality for collections and not much was obtained, only the common 
minnows, with Etheostoma zonale and Amhloplites rupestria. From a farmer in the 
vicinity (Mr. Alexander) we obtained information of the occurrence of the following 
species of food-fishes : 



" Biver Trout." Stuoatedion mtreum (MitohiU). 
"Jack." Eaox masquinongy (Mitchill). 
" Drum." f Amhloplites rupestris (Rafinesqne). 
''Sand Sucker." Catosiamus (ere« (Mitchill). 
"Hog Sucker." Catoatomua nigrioana (Le 
Sueur). 



" White Sucker." Moxoatoma duqueanei (Le 

Sueur). 
** Blue Cat." lotalurua punciatua (Rafinesqae). 
** Yellow Cat." Leptopa olivaria (Ratineeqae). 



2. French Broad River B.t Hot Springs.* August 14; temperature 79o. The river 
is here, as elsewhere, deep and swift, with very rocky bottom. In the few quiet places 
the bottom is covered with soft mud. Several hauls with the large seine were made^ 
but not many fishes were taken. Streams of the character of the French Broad can 
be worked to advantage only at a time of very low water, when the current is not such 
as to prevent the seining of pools among the rocks. Probably the neighborhood of 
Marshall, some distance above Hot Springs, will prove the better for making collections 
than the place selected by us. Collections were made along the front of the hotel 
property at Hot Springs on both sides of the river and as far down as the mouth of 
Spring Creek. Species taken in the river are marked F. 

3. Spring Creek at Hot Springs, N. C. August 13 and 14; temperature 76°. This 
is a fine clear mountain stream, very swift, with rocky bottom. The water is warm, 
too warm in its lower course for trout. Collections were made all along the stream 
from its mouth at Hot Springs to about a mile above the hotel. Only in the lower 
course of the stream, from the railroad bridge to the mouth, are the rocks covered with 
river- weed {Podostemon). In this region, darters are very numerous and large^ but 
among the bare, angular rocks farther up, scarcely any are found. Above the dam 
the stream is full of rock bass (Amhloplites rnpestris)^ some being taken in every haul 
of the net. It is stated that a car-load of these fishes sent out by the U. S. Fish Com- 
mission were some years ago planted in this stream. If so, the results have been 
striking enough. This stream, with the Swannanoa and the three forks of the Holston, 
are recommended as suitable for the introduction of the rainbow trout. Species from 
Hot Springs are marked H in the following list. Specimens of the "Hellbender'* 
(Cryptobranchus alleghaniensis) were taken both in Spring Creek and in the French 
Broad. 

4. North Fork of Swannanoa River y at Burnett's Mill, near the foot of Mount 
Mitchell. August 20 ; temperature 6S^. A clear, cold mountain stream, clearer than 
any other mentioned in this paper ; water swift, with some deep pools ; bottom grav- 
elly or with small bowlders, the rocks mainly granite. 

i Formerly callcil Warin Spriuga. 
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The seven species found here (Salvelinus fonUnalis^ Rhinichthys obtususj NotropiB 
gpectrwnculiis^f N. rubricroceusj N. telescopus, N. coccogeniSj and Etheostoma flabellare) 
are those especially characteristic of the mountain streams of the west slope of the 
Alleghanies. On comparing the list of the species found in the Swannanoa Biver with 
those found in Buck's Creek on the other side of the Swaonanoa Gap, it will be seen 
to what degree the Blue Bidge has been a barrier to the distribution of species in 
North Carolina. The higher main chain of the Oreat Smoky Mountains has been no 
barrier at all because it is broken for the passage of the Watauga, the French Broad, 
and, farther west, the Little Tennessee. Species from the North Fork of the Swannanoa 
are marked N. Collections were made near a point 4 miles northwest of Black Moun- 
tain Station on the road to Mount Mitchell, just above the pond at Burnett's Mill. 

5. South Fork of Swannanoa River (called Flat Creek), at Black Mountain Station. 
August 21; temperature 69^. Collections were made at a point one-half mile south 
of the station, and for some distance above and below this point. 

This is a swift, clear stream, similar to the preceding, the bottom gravelly rather 
than rocky, the water rather warmer, and the banks less shaded. The Swannanoa 
River is formed by the union of these two forks, the colder. North Fork having its 
source in the flanks of Mount Mitchell, the South Fork in the Blue Bidge at Swannanoa 
Gap. The stream flows into the French Broad above Asheville. The waters become 
warmer and less clear lower in its course, but the general character remains the same, 
and the stream is certainly one of the most i>icturesque in North Carolina. Its fauna 
is interesting from the •abundance of darters. Their presence is however chiefly con- 
fined to the rocks bearing river-weed (Podostemon). Species from the South Fork are 
marked S. 

6. Swannanoa River near Asheville. August 15 and 17 ; temperature 77o. Col- 
lections were made at various points from near the railway station to a point about two 
miles higher. The water is warm and moderately clear. Its current is fairly swift 
with alternations of quiet stretches. The gravelly and rocky shoals are excellent for 
collecting. The fauna differs little from that of Spring Creek or the upper waters of 
the Holston. The species here taken are marked A. 

1. NoturuB eleutherua Jordan. F. 

One young specimen, with very small eyes, apparently identical with the type of 
N, eleutherus. 

2. LeptopB olivaris (Rafinesqae). F., S. 

Touug, not rare in the river channels. 

3. Ictalums punctatos (Rafinesque). F. 

Young, abundant in the river channels. 

4. CatoBtomus teres (Mitchill). A., S., H. 

Common in quiet waters. 

5. CatOBtomuB nigricanB (Le Sueur). A., 8., H. 

Common in shoal waters. 

6. MoxoBtoma duquesnel (Le Sueur). F., H. 

Young, not rare. In June large numbers of Placopharynx carinatM ran in the 
river, but none were seen by us at tliis time. 
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7. CampoBtoma anomaltimCRaflnesqae). H., A., S. 

Gommon. 

8. NotropiB flpeotmnculns (Cope). H., S., N. 

Exceedingly abundant in the headwaters of the Swannanoa ; scarce elsewhere. 
Body in life very pale greenish; a blnish lateral band; belly white; caudal spot 
very distinct; fins in the male all pale yellowish red; snout without red. 

9. NotropiB galacturoB (Cope). H., A., S. 

Bather common. 

10. NotropiB coccogeniB (Cope). II., A., S., N. 

Very abundant. 

11. NotropiB rubricrocenB (Cope). S., N. 

In the mountain streams; abundant. In life green, a bright yellowish green lateral 
streak ; a steel-blue lateral band ; snout and lower jaw bright red ; head and belly 
red in males ; fins all pale yellowish, not red even in largest males. 

12. NotropiB teloBCopuB (Cope). II., A., S., N. 

Common. 

13. NotropiB leucioduB (Cope). H., A., F. 

Common, but not ascending mountain streams. Some of the specimens from Hot 
Springs are extremely pale, the caudal spot almost obsolete. 

14. NotropiB atherinoidcB (Rafinesque). H., A., F. 

In channels of the larger streams ; specimens similar to those from the Holston. 

15. PhenacobiuB nranops Cope. H., A. 

Not rare. 

16. HybopBiB monacuB (Cope). H., A. 

Not common. 

17. HybopsiB disBimillB (Kirtland). H., A. 

Not rare; specimens highly colored, the blue black spots on back and sides very 
distinct. 

18. Hybopsis amblopB (Rafinesque). H., A. 

Common in the larger streams. 

19. Hybopsis kentuckiensiB (Ratinesqae). H., F., A., S. 

Everywhere abundant. 

20. Rhinichthys obtusus Agansiz. S., N. 

In mountain stre^ims only. 

21. SalvelinuB fontinalis (Mitchill). N. 

Abundant in the headwaters of the Swannanoa and of most other tributaries of 
the French Broad. Four specimens, each G to 8 inches in length, were taken in a 
single haul of a short seine near Burnett's Mill. 

22. Micropterus dolomieu (La<•^p^do). H., A. 

Not rare in the larger streams. 

23. Lepomis palUdus (Mitchill). II. 

Scarce. 
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24. AmblopllteB nii>e8tri8 (Rafinesqne). H., A. 

Abundant in the larger streams, ascending the mountain streams farther than other 
sun-fishes. Most of the species of this group belong properly to the lowland fauna. 

25. BtheoBtoma caprodoB (Rafinesque). A. 

iJne specimen taken, of the variety obtained at Saltville. 

' 26. BtheoBtoma Bquamatam Gilbert & Swain. H. 

Four large specimens, the largest 4f inches in length. 

Body green, with dark green markings. First dorsal yellowish green at base, then 
a dusky band, above this an orange one and finally a dusky edge. Second dorsal pale 
olive, with brown rays; caudal similar; both fins spotted; anal dusky, mottled; pec- 
torals dull yellow, mottled; veutrals dusky. 

27. EtheoBtoma evidea Jordan & Copelaud. H., A., F. 

Abundant ; only young specimens taken in the river. These agree in essential re- 
spects with specimens from White River, Indiana, but the scales are in most specimens 
larger. The dark bars on sides are more or less connected by black cross-lines above. 
The pectorals are barred, these fins being plain in U. evides. In £. evides there are 
usually 60 to 65 scales in the lateral line. In specimens IVom the Swannanoa, I count 
52, 54, 55, 55, 5.3, 52, 58, 60, 60. 62, 63, 62-65, in twelve specimens, the last figures, 62-65, 
being that of opposite sides of the same specimen. 

Color in life: Male, olive, with 8 deep blue-green cross-bars; an orange-brown 
lateral band forming brown squares between the dark cross-bars ; belly orange ; breast, 
throat, and lower jaw orange yellow ; cheeks, opercles, jaws and snout, deep rusty 
orange; a blue- black bar behind eye; a very conspicuous golden crescent before this; 
spinous dorsal deep rusty orange, its last rays black, the median area more yellow ; 
soft dorsal orange at base fading above and more or less speckled; caudal with two 
orange spots at base; the fin yellow, with two or three faint black bars; pectoral and 
anal, yellowish, faintly barred. Female, with very pale yellowish instead of orange; 
the markings on side black ; membranes of dorsal orange at base and tip. 

28. EtheoBtoma blennioides Rafinesque. H., A. 

Common ; specimens from Spring Greek very large, the markings very dark green. 
D. XI V-13. Scales 67 to 68. 

29. EtheoBtoma zonale (Cope). H., A., F. 

Bather common ; colored like the specimens from Saltville ; cheeks more or less 
scaly ; breast naked. Scales 44, 47, 48, 48, 49, 49, 50, in seven specimens. 

30. EtheoBtoma B^^annanoa Jordan & Jenkins. S. 

Six specimens taken in the South Fork of the Swannanoa. 

31. Etheostoma rufoUneatum (Cope). H., A. 

Common among the river weeds. Scales 45, 47, 48, in three specimens. 

32. Etheostoma camurum (Co]>e). H. 

One spcHjimen, 2f inches long, taken in Spring Creek. D. XI-13. Scales 68. 
Female: in life, green ; many scales brown ; fins yellowish olive; caudal red; all the 
vertical fins edged with blackish. 

^33. EtheoBtoma flabellare (Rafinesqne). N., A., 8. 
Common in clear and cold waters. 
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34. CottOBbalrdl Girard. 8., H. 

Oommon in cold waters; those irom the South Fork paler and more spotted than 
osaal ; those from Hot Springs very dark. 

N.— ST. JOSEPH'S RIVER. 

St. Joseph's River has its rise in southwestern Michigan. It flows southward 
into northern Indiana. At South Bend it makes an abrupt turn to the Qorthward| 
flowing back to Michigan, and ultimately into Lake Michigan. Like most of the 
Michigan streams, its waters are clear and cold, and it is fed largely by springs. Ool- 
lections were made at a point between Mishawaka and South Bend, about a mile 
below the former place. September 17 and 18; temperature 60^; air 55^. The 
stream is here large, flowing over a bottom of coarse gravel, with sand in the deeper 
and more quiet portions. The rocks are well covered with algsB and other water- 
plants, Ohara being abundant in places. The water was too cold for successful work 
and the species obtained are those characteristic of the Upper Wabash. This shows 
that the low and often swampy- water-sheds separating the Wabash, Kankakee^ and 
St. Joseph's are of little consequence as a barrier to the distribution of fishes. 

1. Catostomus teres (Mitchill). 

Scarce. 

2. Catostomus nigricans (Le Snenr). 

Scarce. ^ 

3. Mozostoma aureolum (Le Sueor). 

Scarce. Young specimens; the head much shorter, the mouth smaller and lower, 
than in M. dvquesnei. 

4. Campostoma anomalum (Rafinesqne). 

Common. 

5. Pimephales notatus (Rafineaqoe). 

Common. 

6. Notropls microstomus (Rafinesqne). (Hyhopsis siramineus Cope). 

Not rare. A small duaky blotch on the middle line of the back before the dorsal 
is a color mark characteristic of this species. 

7. Notropls megalops (Rafinesqne). 

Common. 

8. Notropls mbrifrons Cope. 

Oommon. 

9. Hybopsis kentucklensis (Rafinesqne). 

Common. 

10. SemotUus atromaculatus (Mitchill). 

Scarce. 

11. Ambloplltesmpestris (Rafinesqne). 

Common. 

12. Lepomls megalotis (Rafinesqne). 

Common. 
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13. Lepomls glbbosus (L.) 

Common. 

14. BCioxpptems dolomieu (Lso^pMe). 

Common. 

15. Btheostoma nigrum (Rafinesqne). 

Scarce ; cheeks naked. 

16. ZItheostoma aspro (Cope and Jordan). 

Scarce ; cheeks naked ; opercles scaly. Scales 69. 

17. Etheostoma ccBmlemn Storer. 

Abundant. Scales 47. 

Uuios were found very abundant, but cray-fishes were scarce, 

\ O.— KANKAKEE RIVER (ILLINOIS BASIN). 

The Kankakee Biver, the easternmost tributary of the Illinois, rises at a point 
not &r irom South Bend, and flows in a southwestward direction, largely through 
swamps and lakes, into the State of Illinois. One of its chief tributaries in Indiana 
is Yellow River, which enters it from the east. This stream was seined near Ply- 
mouth, Ind., September 18, 1888; temperature, 62^. At Plymouth, the river is 
rather large, its water very clear, flowing over a bottom chiefly of coarse gravel. The 
rocks and stones are covered with Ohara, algse, and other water-plants. There are 
also deep pools with stretches of sand and of black mud. Collections were made 
from the flouring-mill at Plymouth up the stream to the dam. Few streams have been 
found so well stocked with darters as this, although the number of species is small. 
Gray-fishes were also excessively abundant. 

1. Notnmsflavas Rafineaqne. 

Abundant 

2. Ameinnui natalis (Le Snenr). 

Common in the pools. 

3. Catoatomus tares (Mitchill). 

Common. 

4. Catostomus nigricans (Le Snear). 

Scarce. 

5. Brimyxon sncetta (Lac^pMe). 

Common. 

6. Afinytrema melanops (Rafinesqne). 

Scarce. 

7. Moxostoma duquesnei (Le Snear). 

Scarce. 

8. Campostonia .anomalum (Rafinesqne). 

Common. 

9. Pimephales notatns (Rafinesqne). 

Scarce. 
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10. NotropiB microstomiia (Raiinesqae). 

Scarce. 

11. Notropis heterodon (Cope). 

Not rare. Lower jaw black at tip ; lateral line nearly or quite complete. 

12. Notropis megalops (Rafinesque). 

Common. 

13. NotropiB whipplel (Girard). 

Common. These specimens are rather slender and seem to represent the form 
called Photogenis spilopterus by Cope. 

14. NotropiB mbrifrona (Cope). 

Scarce. 

15. HybopBiB kentuckiensis (Rafinesque). 

Common. 

16. Lucius vermiculatua (Le Sueur). 

Common among weeds. 

17. Aphredoderus sayanua (Gilliams). 

One specimen, very dark. Scales 51, 

18. Ambloplites rupestris (Rafinesque). 

Common. 

19. ChaenobryttUB guloBus (Cuv. <& Val.). 

Common. 

20. LepomiBpallidus (Mitchill). 

Common. 

21. LepomiB megalotiB (Rafinesque). 

Common. 

22. Micropterus dolomieu (LacdpMe). 

(Common. 

23. Micropterus salmoides (Lacdp^de). 

Scarce. 

24. Etheostoma nigrum (RaliueHque). 

Abundant. 

25. Etheostoma aspro (Cope and Jordan). 

Very abundant. Specimens of very large size, some of them more than 4 inches 
long, and all extremely i)lump, and very dark in color. These look quite unlike the 
ordinary E, aspro^ but they difter in no structural character. Scales 63. 

26. Etheostoma zonale (Copo). 

Very abundant. Coloration usual; the ventrals speckled; the green bands 
t(».nding around body below. Cheeks and breast scaly. Scales 50. 

27. Etheostoma CGDruIeum (Storor). 

Abundant. 

28. Cottus bairdi Qirard. 

Scarce. 
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P.- UPPER WABASH RIVER. 

The Wabash Biver has its rise in the streams and springs of western Ohio and 
northern Indiana. The main stream flows from Ohio westward across the northern 
central part of Indiana, then turns gradually to the southward, and forms nearly half 
of the boundary line between Indiana and Illinois. The Upper Wabash and most of 
its tributaries are clear streams, many of the latter having their source in lakes. Col- 
lections have been made by Mr. Evermann at the following points: 

1. Blue River^ Columbia City, Ind. (Collection of W. E. Clapham, November 6, 
1888.) Blue River is a small tributary of Eel Biver, itself a branch of the Wabash. 
It has a gravelly bottom, with many large bowlders. Water plants are few. The 
water is moderately clear and cold. Collections were made at points from the Eel 
Biver railroad bridge, down the stream to the brewery. Species from this locality are 
marked B. 

2. Eel River at Logansport. September 21; temperature 68^. The Eel Biver rises 
in Whitley County east of Columbia City, and flows southwestward, entering the 
Wabash at Logansport. It is a rather clear stream. In the neighborhood of Logans- 
I)ort its bottom is of limestone and very rough, being full of pot-holes and large 
stones. The stream was seined from the second dam to the month. Near its mouth 
are some gravelly stretches and a few patches of water plants. Species taken in Eel 
Biver are marked E. 

3. Lake Maxinkuckee. September 19; temperature 68° to TCP, the latter in shallow 
water, the former at 8 feet depth. This is a clear lake, some 3 miles long by 2 broad, 
in Marshall County, Ind. Its outlet is a small stream which flows into Tippecanoe 
Biver. Collections were made in shallow water along the shore at Long Point. The 
bottom her^ is sand or fine gravel, in many places covered with algae. The seine 
was drawn in the outlet of the lake, on muck bottom, among lily pads. The species 
obtaine<l are marked M. The number of species found in the lake 'is here, as else- 
where, less than the number to be obtained from the tributary streams. 

4. Tippecanoe JKirer, Marshland, Ind. September 20; temperature 68^. The Tip- 
I)ecanoe Biver is a very clear, cold stream, having its rise in the deep lakes about 
Warsaw, Ind., flowing south-westward, and entering the Wabash above La Fayette. 
At Marshland, 5 miles south of Lake Maxinknckee, the water is very clear, with 
gravelly bottom and many water plants. Collections were made at a point just above 
the Vandalia Bailroad bridge. 

This is one of the best streams in the State for the collection of darters. Species 
from Tippecanoe Biver are marked T. 

5. Deer Creek, Camden, Ind. September 21. Deer Creek is a rather small, clear 
stream, flowing into the Wabash from the east, its mouth being at Delphi, Ind. 

Collections were made at points from the head of the mill-race above Camden to 
the wagon bridge south of the town. The bottom is generally of coarse gravel, with 
swift places alternating with quiet stretches over sandy bottom. Specimens from 
Deer Creek are marked D. 

1. LepiBosteus osseas (L). M. 
Common in the lake. 
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2. Amelurus nataliB (Le Saenr). M., T., D. 

Oommon.. 

3. NotaruB gyilnas (MitchiU). M. 

Scarce. 

4. NotaruB minnis, Jordan. T., D. 

Oommon among weeds. Specimens from Tippecanoe Biver are very plnmp and 
dark in color. 

5. lotiobus difformis (Cope). E. 

6. Catostomus nigricans (Le Snenr). T., E., D., B. 

Oommon. 

7. Brimyzon suoetta (Lsc^pMe) (yar. ohUmgus). T. 

Oommon. 

8. Mozostoma duquesnei (Le Snenr). £., D. 

Common. 

9. Campostoma anomalum (Rafinesqne). E., p., B. 

Common. 

10. Pimephales notatus (Rafinesqne). M., T., £., D. 

Common. 

11. Ericymba bucoata Cope. D. 

Rather rare, in sandy or gravelly streams only. 

12. Notropia heterodon (Cope). M. 

Scarce. 

13. Notropia microatomua (Rafinesqne). E. 

Scarce. 

14. Notropia whipplei (Girard). T., E., D. 

Common. 

15. Notropia megalopa (Rafinesqne). T., E., D., B. 

Common. 

16. Notropia atherinoidea (Rafinesqne). T., E. 

Large specimens of the form called Notropis arge. 

17. Notropia nibrifrona Cope. T., E., D. 

Common in the smaller streams. 

18. Hybopaia w^atauga Jordan & Evermann. T. 

A few specimens similar to those from the Holston. Scales 46; 20 before dorsal. 

19. Hybopaia ainblopB( Rafinesqne) T., E. 

Common. 

20. Hybopaia kentuckienaia (Rafinesqne) T., E., D., B. 

Common. 

21. Semotilaa atromaculatua (Mitchill). D. 

In small brooks. 
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22. Umbra Umi (Kirtlsnd). D., B. 

Rather scarce. 

23. Fondulus diaphanus (Le Snenr). M. 

AbaDdant in the lake. These belong to var. menona Jordan & Oopeland, distin- 
guished from the eastern diaphanus by the more distinct dark cross-bands and by the 
presence of dark spots on the back. 

24. Zygoneotas notatas (Rafinesqne). D. 

Scarce. 

25. Zy^neotes dispar Agassiz. M. 

Not rare in the lake. 

26. Laoius vermloulatas (Le Saeor). M., T., B. 

Common. 

27. Labldesthes alcoulua Cope. M., T., E., D. 

Common. 

28. Aphredodems sayanua (Oilliams). B. 

Scarce. 

29. Pomozia aparoidea (Lac^pMe). M. 

Common in the lake. 

30. Ambloplitea rupeatrla (Rafinesqae). M., T., E., D., B. 

Common. 

31. Lepomia pallidua (Mitchill). M. 

Common in the lake. 

32. Lepomia megalotia (Rafinesque). M., T., £. 

Common. 

33. Lepomia gibboaua (Llnnsens). M. 

Common in the lake; not found in the Lower Wabash. 

34. BCicroptema dolomieu (Lac^pMe). M., T., £., D. 

Common in swift waters. 

35. BCicroptema aalmoidea (Lac^pMe). M., B. 

Common in quiet waters. 

36. Perca flaveacena (MitchUl). M. 

Common in the lake ; not found in the Lower Wabash. 

37. Etheoatoma peUuoidum Baird. £. 

Common in sandy clear rivers. 

38. Etheoatoma nigrum (RafiDeaqoe). M., £., B., T., D. 

Common. 

39. Etheoatoma blennioidea (Rafinesque). T., E., D., B. 

Common ; very large specimens in Tipi)ecanoe River. 

40. Etheoatoma caprodea Rafinesqae. £. 

41. Etheoatoma phozocephalnm Nelson. £. 

42. Etheoatoma aapro (Cope dL Jordan). £., D., B. 

Rather common. 
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43. BtheoBtoma sciemm (Swain). T. 

Very abundant in Tippecanoe Biver ; the largest specimens yet seen ; the largest 
about 5 inches in length. Colors dark, and the body very plump, much as with E. 
aspro in Yellow Biver. Scales 68 ; cheeks and opercles scaly ; breast usually so ; 
base of caudal with 3 to 4 dark spots in a cross-series. In U. aspro there is usually a 
single spot at base of caudal, more distinct than in U. sderum. 

44. Etheostoma evides (Jordan & Copeland). T., £. 

Not rare. Scales 55. 

45. Etheostoma camumm (Cope). T. 

Several fine specimens. Colors in life : Sides light brown, with 12 to 15 very nar- 
row greenish lines running from pectorals to caudal ; three rather plain vertical bars of 
the same color, but much broader just back of the pectorals, faint traces of 5 or 6 
others between them and the tail ; about 50 to 60 small deep orange spots scattered 
irregularly over the sides ; axils dusky ; belly pale bluish green ; throat and chin 
deeper blue; top of head and cheeks light brown, more or less mottled with darker. 
Spinous dorsal uniform light brown, or greenish ; soft dorsal deeper brown with a 
series of reddish spots near the top ; above these a pale line above which is a still 
darker line forming the border of the fin, and same as soft dorsal ; pectorals pale 
brown, darkest on outer half; veiitrals same, but outer half a little darker than pec- 
torals; caudal light brown with some dark near the middle, a reddish brown bar near 
the tip; outside this a pale bar, the extreme tip of the fin being a pale green. Scales 
53; snout bluntly decurved. 

46. EtheoBtoma maculatuxn Kirtland. T., D. 

One specimen of this tare species taken in Deer Greek, and four in Tippecanoe 
Biver. Scales 56; cheeks without the dark spots found in its nearest relative B. 
rufolineatum. 

47. EtheoBtoxna Species nova. T. 

Four specimens of this handsome little fish taken in Tippecanoe Biver. 

They apparently belong to an undescribed species, closely allied to E. cceruleumj 
but with the head more pointed, the lower jaw more prominent, the dark cross bands 
nearly vertical, and the scales thickly dusted with dark points. We wait until larger 
HiM'.itiniens are obtained before giving it a name. 

48. EtheoBtoma ccBruleum Storer. M., K., T., I)., B. 

Vvry common. 

49. EtheoBtoma flabeUare (Kafin<^H(iu()). T., I)., H. 

In cohl waierN ; rather scarce. 

50. CottuB bairdi (* iranl. li. 

Scarce. 

Q. — THE LOWER WABASH RIVER. 

Towanls ilN Juiiction with tlie ()hi<) the Wabash becomes a large river with moder- 
ate current, the wat«M- not very clear, and the bottom covered with gravel and sand 
in which grow many water plants. The tributJiry streams are mostly sluggish pnd 
yellow with clay and niu<l. The fish fauna of the Lower Wabash was found to be un 
expectedly rich, iti^ most striking feature being the abundance of several species 
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{Notum9 noctumus, Etheostoma uranideay E, auachiUBj E, histrio) supposed to be con- 
fined to the nvers of Arkansas, as well as of other species (J^. phoxocephalvMy B. 
ohlarosoma, E.jessiWj E. shumardi) more at home on the western side of the Mississippi 

A similar feature in distribution is the presence along the Lower Wabash (accord- 
ing to Prof. John M. Coulter) of numerous southwestern plants, nowhere else found 
so far north. 

1. Wabash River at Yincennes. September 15; temperature 74o, Collections 
were made at a point 1^ miles north of Yincennes. Here the river is shallow on the 
Indiana side. No great depth is reached within a hundred yards of the shore. The 
bottom is of gravel and sand at this point, the gravel near shore being covered with 
Spirogyra and other algse. The current is swift, although not breaking into rip- 
ples. Some muddy bayous tributary to the river were also seined. Species from 
the Wabash at Yincennes are marked Y. 

2. Wabash River at New Harmony. September 13; temperature 749. Many years 
ago the New Harmony '^ community ^ dug a canal across the peninsula just below 
New Harmony. At the lower end of this ^^ cut-off^ wa^ built a dam and a mill. The 
main current of the Wabash now flows through this channel. Collections were made 
at the old dam. At this point the bed of the stream is of sandstone. The current is 
broken up into narrow rapids and little falls, furnishing exceUent localities for darters. 
Collections were also made on a shallow gravel bar near the month of Black Biver, 
near New Harmony. Species from the Wabash Biver at this point are marked W. 

A number of species from the Wabash Biver at New Harmony were seen in the col- 
lection of Mr. James Sampson, of New Harmony. Such species are marked S. 

3. JiUick River at New Harmony. September 12; temperature 76°. This is a 
small stream with muddy bottom and sluggish current. Collections were made from 
a point some 300 yards above the mouth down to the mouth of the stream. In one 
place the stream flows over gravel with considerable current. Species taken in Black 
Biver are marked B. 

4. OreshanVs Creekj New Harmony. September 12; temperature 77°. Collec- 
tions were made at a i>oint 1^ miles east of New Harmony. The stream is very small 
and shallow, the water a few inches deep, the bottom and shores sandy. Species 
obtained in Gresham's Creek are marked 6. 

5. Patoka River at Patoka, Gibson County. September 14; temperature 75<^. 
The Patoka is a very sluggish and muddy stream of considerable size. It rises in the 
central part of southern Indiana, and flows westward, entering the Wabash near the 
mouth of White River, about half way between Yincennes and New Harmony. At 
the point examined at iPatoka (just below the dam and one-fourth mile below the 
Evansville and Terre Halite Railroad bridge) the stream is shallow and swift for a hun- 
dred yards or more, and the bottom is covered with shingle from an outcropping ledge of 
coarse shale. Darters are abundant, the species being nearly the same a« those found 
by Jordan & Gilbert in a similar stream ; Potean River, in Indian Territory. Species 
from Patoka River are marked P. 

6. Big Creek ^ Lynn Township, Posey County, Ind. September 10; temperature 
77^. Big Creek is a small, sluggish stream with warm and muddy water, and bottom 
and banks of mud. It flows westward through Posey County, entering the Wabash 
Biver below New Harmony. Collections were made at a point 6J miles north of Mount 

Bull. U. S. F. C, 88 11 
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Yemon^ Ind. In one locality an outcrop of sandstone gives a hard bottom for some 
distance. Elsewhere the stream is fall of logs and snags. Species foand in this creek 
are marked G. 

7. Wabash River at Mackey's Ferry, Posey County. September 11; tempera- 
ture 750. At Mackey's Ferry, 7 miles west of Mount Vernon, and about 10 miles 
north of the mouth of the Wabash, considerable collections were made. The seine 
was used on a long, shallow, sandy bar on the Indiana side. ITumerous catfishes, son- 
fishes, and cyprinodonts were taken in a neighboring pond or bayou. This overflows in 
spring and is then connected with the river. It is a long, narrow channel, very stag- 
nant, filled with snags in most places, and having an extremely muddy bottom. 
Species from the pond or river at Mackey's Ferry are marked M« 

1. Petromyzon coucolor (Kirtland). S. 

2. Pdyodon spathula (Walbaum). S. 

3. Aclpenser rubicundaa Le Suenr. S. 

4. Leplsoateua osBeas (LinnaBUs). S. 

5. Lepisosteas platyBtomas (Rafinesqiie). V., W., M. 

6. Lepisosteaa tristcDChuB (Bloch & Scbneidor). S. 

7. Amia calva LiiinaBUs. M. 

8. Noturus gyrinuB (Mitchill). C. 

9. NoturuB miuruB Jordan. V., P., W. 

10. NotaniB flavus Rafincsque. V., W. 

11. LeptopB olivariB (Kafinesque). P. 

12. AmeluruB melaa (Rafinesqae). G. 

13. AxneiuruB natalia (Le Sueur). M., C. 

14. IctaluruB punotatuB (Rafinesque). V., P., W., B., M., C. 

15. IctiobaB cyprineUa (Cuv. & Yal.). M. 

16. IctlobuB bubaluB (Rafinesque). V., W., M. 

17. IctiobuB difformiB (Cope). V., P., W., M., C. 

18. CatOBtoxnaB nlgricanB (Lo Sueur). V. 

19. Erimyzon Bucetta (Lac<^p^de). G. Var. ohlongus, 

20. Minytrema melanopB (Rafiiiesqne). W., G., M. 

21. MozoBtoma duquoBnel (Lo Sueur). V., P. 

22. MozoBtoma aureoluxn (Le Sueur). W. 

Head 4:J in length; outline of dorsal somewhat concave. 

23. MozoBtoma aniBurum (KafineH(]iio). B. (Ptychostomus rclat ua a.ud coUapsua Co\^e. Catoetomus 

carpio\a.\, Moxostoma valencientwsi J ord&u.) 

Not rare. Lips moderate, the lower strongly /^-shaped ; its surface rather finely 
plicate and also papillose; the papilla) coarser than in M, papillosum^ to which this 
species is relatinl ; mouth not large, the snout projecting beyond it; dorsal high, of 16 
rays, its free edge straight; eye large, 3.^ in head; hea<l large, broad, and flat above; 
body deep, compressed. 

24. CampoBtoma anomaluin (Rafinesciue). V., G. 

25. HybognathuB nuchaliB (Agassiz). W., M., C. 

26. PimephaleB notatua (RafineHquo). V., P., W., G., C. 

27. CUola vlgUax (Baird «fe Girard). V., W., B., M.. C. 

28. NotropiB microBtomaB (Rafinesque). \V. 
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29. Notropis hetarodon (Cope). V. 

30. Notropis megalops (Rafinesqne). V., P., W., B., M., C. 

31. Nouopls Whipple! (Girard). V., P., W., B., G., C. 

One very large specimen, besides many of the usual type. 

32. Notropis atherinoides (Rafinesqae). Y., P., W. 

These specimens are smaller, more compressed, with shorter snout and paler color- 
ation than the ordinary atherinoides (Jaculus^ arge). The eye is similarly large, and no 
other difference is evident. 

33. Notropis dilectus (Girard) yar. W., C, G., M. 

Compared with specimens of Notropis dilectus from Bed Biver, Arkansas, these 
examples have the eye much smaller — about 3f instead of 3^in head. In all other 
respects they seem to agree. Compared with N. rvbrifrons these specimens have 
smaller eye, shorter and blunter head (4^ in length), and the body more compressed. 
For the present we refer them to N, dilectus. No group of minnows is in more con- 
fusion than the one to which this species belongs. 

34. Ericymba buocata Cope. G. 

Found in clear waters with sandy bottom. 

35* Hybopsis hyostomus Gilbert. V., W. 

36. Hybopsis dissimiUs (Kirtland). V., W. 

37. Hybopsis storerianus (Kirtland). V., W., M., C. 

38. Semotilas atromaculatus (MitchiU). G. 

39. Opsopceodus emiliae Hay. W., M., C. 

40. Notemigonus chrysoleacus (Mitchill). W., G., M., C. 

41. Dorosoma cepediannm (Le Sueor). P., W., M.. 

42. Clupea chrysochloris Rafineeqne. M. 

43. Hiodon alosoides (RatineHqac). W. 

44. Gambusia patmelis (Baird <& Girard). M., B., G. 

45. Zygonectes dispar Agaesiz. V., M. 

46. Zygonectes notatus (Rafineaqne). C, M., G., B., W., V., P. 
47- Lucius vermiculatus (Le Sueur). M. 

48. Lucius lucius (Liiin»pnH). 8. 

This species was described fh)m New Harmony by Le Sueur, as Esox deprandus. 

49. Labidesthes sicculus Cope. M., P., W. 

50. Aphredoderus say anus (GiUiams). S., C. 

Scales 48. 

51. Pomozis annularis Rafineeqae. W., M. 

52. Pomozis sparoides (Lac<^p^de). V., P., W. 

53. Chaenobryttus gulosus (Cuv. & Val.). V., W., M. 

54. Lepomis cyaneUus Rafinesque. V.,G. 

55. Lepomis paUidus (Mitchill). V., W., M. 

56. Lepomis megalotis (Rafinosque). P., W., M. 

57. Lepomis garmani Forbes. M. 

Rather common in the pond at Mackey's Ferry. 

58. Lepomis humilis (Girard). C. 

59. Lepomis notatus (Agaseiz). M. 



* 
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60. Bdoroptems dolomieu (LacdpMe). V., M. 

Ill the river only. 

61. Bfioropterus salmoldes (Lac^pMo). P., M., V., W^ B. 

In ponds and bayous chiefly. 

62. Etheottoma peUaoidum Baird. W., M. 

63. Btheottoma asprelliu (Jordan). V., W. 

Si>eoiniens of very large size, the largest 5} inches long. Scales 98. Three broad 
oblique black shades across back, extending downwards and forwards to lateral line; 
these about lis wide as the interspaces. 

64. Btheottoma nigmm (Rafinesque). V., W., P., B., G., M., C. 

Very common. 

65. Btheoatoma ohlorosoma (Hay). W., C, M. {Boltotama camurum Forbes.) 

Scales 45 ; lateral line incomplete. 

66. Bthaostoma copelandi ( Jordau). W., V. 

Scarce. Scales 48. 

67. Etheostoma histrio Jordan A Gilbert. P. 

Seven specimens, some of them considerably larger than any of the original types. 
Blotch at Imse of Ciiudal very distinct. Cheeks naked; opercles naked or with some 
large scales. Scales r>3 : dorsal spines 10. Premaxillaries protractile, in some speci- 
mens with a slight tronum at base, crossed by a crease. The species seems to be an 
ally of E. Mmoterum^ and should be placed with the latter in the subgenus Ulocemtrmm 

68. Etheostoma ahumardi ^ G iraitl ) . V . , W. 

Many tine large s|>ecimens, 3 to 3^ inches in length ; belly largely orange-yellow in 
life. Anal very high. Scales 52 ; scales of l>elly small, those of the middle line cadu- 
cous ; premaxillaries usually distinctly protnu*tile, one 8|>ecimen, however, with a small 
but unmistakable frenum at l>a«e of premaxillaries 

69. Btheoatoma uranidea ^.Ionian A* GiU>on^. V.. W. 

Many siHvimons 3 to 3A inobos long, much larger than the original tyi>es; grayish 
alH>ve, yellow or oningt^ IhMow : an obsoun^ lateral band of dark blotches : four black 
oblique bandv*^ extending downwan! and torwanl on back. Cheeks naked; opercles 
scaly. St^ile^ 5'J: meiiian linoof Ivlly with slightly enlarged scales, which are proba- 
bly caducous. Tins handsome siHvie* is closely allied to £. shumurdi and belongs to 
the gn>up calle*! Imi^toma, 

70. Btheoatoma caprodea.Kanm\«Mr.u\ M., V.. W.. T.. B. 

71. Btheoatoma phoxocephalom No'iM^iu C. V., W.. P. 

Common. 

72. Btheoatoma aapro iCojh^ A- Jonii^n . \V.. C. 

Ixather soanv. 

73. Btheo•tx^ma owaohit* x.K'*ri',.^n A i"? '.lM»n\ P 

Ki\e sjHvimens* JA io S imlu's loiij:. laiiror tli:^n the original type.K from Washita 
(l>ua4^hitii^ Kixor. .Vvk:^ns;is. Soa]e,< o*j to Txi. Thi- olose resi'mblance of this s]iecie6 
to the eastern K, prlt^ttim ha-s tn^^n already notii^eil. 

74. Btheoatoma acieium ^Sn:im\ V.. r.. W. 

C^^mnion. S*^al«M^<>S: ventral stales slightly enlarged but prol^bly caducous: color 
very similar to that ot h\ <i^»n>. but wiih usually three dark si)otsat base of caudal 
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Instead of one ; lateral shades broader. Gill-membranes considerably united ; pre- 
opercle serralate, at least in young specimens. 

75. Etheostoma evides (Jordan & Copeland). W., V. 

Common in the river. Scales 61. 

76. Etheostoma ccBrnletixn Storer. V. 

Ijcss common than farther north. Scales 46. 

77. Etheostoma JesaisB (Jordan & Bray ton). V., W., C. 

This species seems here to approach very closely to E. ccemleumj there being very 
little difference in the specimens from Yincennes except that ccerulevm has naked 
cheeks while in jessice the cheeks are scaly. Scales 50, 54, 55, 55 in four specimens. 
The species or group of species called E. jessice {E. asprigene^ E, swaini) is much in 
need of farther study. 

E. iotcce Jordan & Meek has a form more like that of E. eos {fimforme var.), and 
color markings similar to those of the latter, including three spots at base of caudal; 
its lateral line is, however, nearly straight, as in E. jessice. 

78. Etheoatoma aquamicepa Jordan. G., B. 

In shallow, sandy streams. This species is allied rather to E. tohipplei than to E. 
flahellare. Scales 55 to 60 ; opercles scaly ; cheeks scaly or naked ; three dark spots 
across base of caudal; no bright red or blue markings; body- covered with dark 
specks. 

79. Etheoatoma fuaiibnne (Girard). W., C. 

Kather scarce. These specimens represent the form or variety called palustre. 

80. Aplodinotua gmnnlena (Rafineaque). P., W.. M. 

Oommon. 

R.-LOWER OHIO RIVER. 

Collections were made in two streams tributary to the Ohio in southwestern 
Indiana. 

1. Big Pigeon Creek at Evansville, Ind. September 10. This is a sluggish, muddy 
stream, usually with muddy bottom. Collections were, however, made at a point 
where the bottom is of sandstone and shingle. The rocks are smooth and bare, there 
being no algae or other vegetation in the stream. The following is the list : 

1. Notnma noctumua Jordan & Gilbert. 

Head much less broad than in N. gyHnus and less blunt; no black streak along side 
of body; pectoral spine 2^ in head, its inner edge entire. In the latter respect these 
two specimens differ from the Arkansas types of N. nootumus. 

2. Iteptopa oUvarla (Rafinesqne). 

3. lotaloma punotatua (Rafinesqne). 

4. Ictiobua bubalua (Rafinesqne). 

5. Ictiobua diflbrmia (Cope). 

6. Mozoatoma duqaeanel (Le Snenr). 

7. Hybognathua nuchalia (Agassiz). 

8. Notropia megalopa (Rafinesqne). 

9. Notropia ^rhipplel (Girard). 
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10. Notropis dilectns (Girsrd). 

11. DoroBoma oepedianum (Le Snenr). 

12. Clupea ohryBochloriB Rafinesqne. 

13. Zye^oneotes notatas (Kafinesque). 

14. Pomoxis annularis Rafinesqne. 

15. Bficroptema salmoides (Lac^p^e). 

16. Etheostoma flabellare (Rafinesqne). 

17. Aplodinotns grunnlens (Rafinesqne). 

2. Cypress swampj Mount Vernon, Ind. September 11; temperature 740, A 
small collection was made in a cypress swamp 5 miles east of Mount Yernon. It is a 
rather deep, stagnant slough, full of logs and brush, with much Lenma and Ohara. 
The following species were taken : 

1. OpsopcBodus emilise Hay. 

2. Zygoneotes notatus (Rafinesqne). 

3. Zygoneotes dispar (Agassiz). 

4. Lepomls paUidus (Mitchill). 

5. ChaenobryttUB gnloBUS (Cuv. & VaL). 

6. PomoziB BparoldoB (Lac^p^de). 

7. EtheoBtoma ohloroBoma (Hay). 

8. EtheoBtoma fuBiforme (Girard). 

S.— WHITE RIVER. 

The White Biver rises in various branches in the eastern and central part of the 
State of Indiana, running southwestward and entering the Wabash near Patoka. It 
is for the most part a clear stream, flowing with a gentle current over sand and fine 
gravel. Of the two large and nearly equal branches the west fork is the clearer, and 
its bottom is more sandy and freer from mud than that of the other. The extensive 
collections already made in the west fork by the writer and others at Indianapolis, 
Gosport, and Bloomiugton, have been elsewhere recorded. 

Collections were made by Messrs. Evermann and Bollman at Spencer, Ind., and 
also in a tributary called Eel River at Cataract, in Owen County, north of Spencer. 

At Spencer the bottom of the river is mostly muddy or sandy, with an occasional 
stretch of rocky ripples. Collections were made just above the wagon bridge. Here 
the water is shallow, with moderate current, the rocks covered with algaa, while near 
one shore are patches of Ruellia and other water plants. 

The following species were taken : 

1. White River ( West Fork)^ Spencer, Ind. 

1. IctaluruB pimotatuB (Rafinesqne). 

2. NotumB flavuB Rafinesqne. 

3. NotoniB miuruB Jordan. 

4. CatoBtomuB nigricanB (Le Snenr). 

5. MozoBtoma duquesnei (Le Snenr). 

6. MoxoBtoma brevicepa (Cope). 

This is the species called Moxostoma crassUahre by Jordan, Man. Vert, ed. 5. It is 
probably not Jf. crassilabre (Cope). It may be M. conus (Cope), and is probably Coptfs 
Jf • brevicqfSj though the latter may really be Placopharynx carinatus. This species is 
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fonnd in the great lakes in abundance, and it is not improbable that it is MoxosUnna 
lesueuri (Richardson). 

7. Campostoma anomalum (Rafinesqae). 

8. Notropis mbrifrona Cope. 

9. Notropis w^hipplel (Girard). 

10. Notzopla megalops (Rafinesqae). 

11. Notropis microstomuB (Rafinesqoe). 

12. Hybopsis kentuckiensis (Rafinesque). 

13. Hybopsis storerianas (Kirtland). 

14. Hybopsis dissimilis (Kirtland). 

15. Ericymba baccata Cope. 

16. BCicroptems dolomiea (Lac^pMe). 

17. BCioroptams salmoides (Lac^pMe). 

18. Etheostoma nigrum (Rafinesque). 

19. Etheostoma blennioides (Rafinesque). 

20. Etheostoma oaprodes Rafinesque. 

21. Etheostoma phoxocephalum Nelson. 

22. Etheostoma scierum (Swain). 

23. Etheostoma ccDruleum Storer. 

2. Uel River at Cataract, Ind. 

The Eel Biver (Owen Coauty) is a rather clear bat sluggish stream with greenish 
water full of clayey sediment after heavy rains. At Cataract there are two consider- 
able water-falls. Collections were made at a point just below the upper falls. The 
bottom is of limestone, with intervals of mud in which are many water plants. Fishes 
are scarce in this locality, the following species being taken: 

1. Notorus flavuB Rafinesque. 

2. Ameiurus melas (Rafinesque). 

3. Campostoma anomalum (Rafinesque). 

4. Notropis w^hipplei (Girard). 

5. Notropis megalops (Rafinesque). 

6. Hybopsis kentuckiensis (Rafinesque). 

7. Semotilus atromaculatus (Mitchill). 

8. Lucius vermiculatus (Le Sueur). 

9. Bficropterus dolomieu (Lac^pMe). 

10. Lepomis cyaneUus Rafinesque. 

11. Eltheostoma flabellare (Rafinesque). 

All common species. 

Wabash Biver y Terre Haute, Ind.— Collections were also made in the Wabash and 
its tributaries about Terre Haute, Ind. The following species are the only ones worthy 
of special note : 

1. Etheostoma phoxocephalum Nelson. 

2. Etheostoma shumardi (Oirard). 

3. Etheostoma oopelandi (Jordan). 

4. Etheostoma fiisiforme (Girard). 

5. Umbra limi (Kirtland). 
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GENERAL CONCLUSIONS. 

The resnlts of the observations recorded in the present paper are fully in accord 
with the general conclnsions aa to the geographical distribution of fresh-water fishes 
advanced in a paper on the subject in Science Sketches (1888, pp. 83-133). It is evi- 
dent that the question of distribution reduces itself to the question of barriers of vari- 
ous sorts. Each species extends its range in every direction and holds the ground thus 
taken if in the struggle for existence it is able to do so. 

To quote from the work just mentioned : '^ The present distribution of fishes is the 
result of the long-continued action of forces still in operation. The species have 
entered our waters in many invasions from the Old World or from the sea. Each 
species has been subjected to the various iufluences implied in the term ITatural Selec- 
tion, and, under varying conditions, its representatives have undergone many modifi- 
cations. Each of the six hundred species we now know (in rivers of the United States) 
may be conceived as making each year inroads on territory occupied by other species. 
K these colonies are able to hold their own in the struggle for possession they will 
multiply in the new conditions and the range of the species will become widened. If 
the surroundings are different, new species or varieties will be formed with time and 
these new forms may again invade the territory of the parent species. Again, colony 
after colony of species after species may be destroyed by other species or by unconge- 
nial surroundings. The ultimate results of centuries on centuries of the restlessness 
of individuals are seen in the facts of geographical distribution. Only in the most 
general way can the history of any species be traced, but could we know it all, it would 
be as long and as eventful a story as the history of the colonization and settlement of 
North America by immigrants from Europe. But by the fishes, each river in America 
has been a hundred times discovered, its colonization a hundred times attempted. In 
these efforts there is no co-operation. Every individual is for himself, every struggle 
a struggle of life and death, for each fish is a cannibal, and to each species each mem- 
ber of every other species is an alien and a savage.'' 

The fact of the analogy existing between the fauna of rivers and the land faunae of 
islands is rendered very evident. As the fauna of the islands is limited by the barrier 
of the sea, so that of the rivers is limited by barriers of land, and analogous laws 
determine what species can obtain a hold in either case. 

Additional confirmation has been given to the idea that the lowland swamp fishes 
of the United States are remains of an earlier and, in part, now extinct fauna. To 
such a fauna, it is generally admitted, belong the genera Amia and Lepisosteus. To 
this list I would add Umhra^ Lucius^ Cliologasterj Aphredoderus^ Jordanella^ EldssamOy 
AcantharchuSn Pomoxis, Enneacanthxis^ Mesogonistius^ and doubtless Percopsis, The up- 
land fishes seem to be mostly of more recent origin, the species of Notropis and 
Etkeostoma probably latest of all. 
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Staunton River 121 

Stemotremia isolepis 116 

Stizostedion vitreum 150 

Stolephorus mitchilli 116 

Suffolk, Va 114 

Swannanoa River 161 

Swift Creek 109 

Tar River. 124 

Tanridea 107 

Tiger River 136 

Tippecanoe River 157 

Trachidermis richardsoni 107 

Ulocentra... 164 

Umbra.- 168 

Umi - 159, 167 

pygmaja-- _ .116, 126 

Upper Wabash River 167 

Uranidea 106, 107 

Wabash River 160, 161. 167 

Walhiceton, Va ._ 114 

Watauga Point, Tenn 143 

River 143 

Waynesborough, Va 101 

White River 166 

West Fork 166 

Wytheville, Va 140 

Zuni,Va.-- 118 

Zygonectes atrilatus 129 

diapar 169, 163, 166 

notatos 169, 163, 166 



3.-SUGGESTI0NS FOR THE EMPLOYMENT OF IMPROVED TYPES OF VESSELS 
m THE MARKET FISHERIES, WITH NOTES ON BRITISH 

FISHING STEAMERS. 



BY J. W. COLLINS. 



A.— INCREASE IN THE FRESH-PISH TRADE. 

At this time no featare of the Americaii fisheries is more noticeable than the 
increase in the demand for fresh fish in onr markets. This is especially the case so far 
as the marine species are concerned. With improved methods of refrigeration, and a 
continuous increase in the facilities for inland transportation, it is possible to place 
before the consumer, even in places remote from the great markets, fish that are as 
fresh, delicate in flavor, and firm in texture as they were when taken from sea, lake, 
or river. Thus, while there will doubtless always be a call for certain kinds of salted 
Ash, the tendency of the hour is to use a larger quantity of fresh-fish food and less of 
the salted article. And whatever tends to place fresh fish before the consumer in the 
best and most attractive condition will aid in increasing the demand for this kind of 
food and lead to an enhancement of profits to the producer. In view of the rapid 
growth of population in the United States, it is reasonable to suppose that the *' fresh- 
fish trade" will grow to proportions not yet anticipated if such attention is given to it 
as its increasing impoitance seems to demand. 

But while the fresh-fish business has derived many advantages from improve- 
ments in methods, increase in population and in facilities for transportation, much 
yet remains to be done in order to secure that full measure of success which is de- 
sirable. The important question at this time is that of securing rapid transportation 
from the fishing grounds to the markets, or the adoption of other means whereby fish 
may reach the point of shipment, and ultimately the consumer, without deterioration, 
even when taken far out at sea. 

Besides the other benefits which may accrue as a result of improved sea transpor- 
tation, an additional advantage will be secured to the market fisherman, inasmuch as 
he can extend his operations to more distant localities, where fish are abundant, but 
where he has not heretofore been able to go because of the impracticability of carry- 
ing his catch in good condition from there to market. 

It is then evident that the prosperity and development of this industry are more 
dependent upon the adoption of new types of vessels and boats than upon anything 
else. Indeed, the maximum of success in the fisheries can not be reached until the 
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highest results have been attained in the direction of secaring vessels that are best 
adapted to the special work they are bailt to perform. If safety, speed, and special 
fitness can be obtained at a reasonable expenditure, then mnch may be gained, though 
it is to be expected that local conditions will demand very dissimilar types. 

B.—SUQQESTIONS FOR THE EMPLOYMENT OP STEAMERS IN THE NEW ENQ 

LAND MARKET FISHERY. 

Allusion has already been made to the increase in the market fishery of the United 
States, but in no other locality is this more strikingly noticeable than in New England. 
Twenty-five or thirty years ago a few comparatively small vessels and open boats found 
employment in fishing for market on the grounds near the coast. This fishery was 
then confined largely, if not exclusively, to the winter season. At the present time 
fleets of the largest, swiftest, and best fishing schooners in the United States find em- 
ployment from early autumn till spring, and a somewhat less number throughout the 
year, in supplying the markets of the principal ports of Massachusetts, New Hamp- 
shire, and Maine, among which Boston, Gloucester, Portsmouth, and Portland are the 
most important. 

Although many, if not the majority, of the vessels above alluded to are not of the 
most modern type, the advantage to be derived from the employment of the swiftest 
and most sea- worthy vessels has been so manifest that a constant change is now going 
on in the market fleet. There has been a marked improvement recently in the sail- 
ing vessels engaged in the Atlantic sea fisheries, and special attention has been given 
to the attainment of the maximum of speed, due chiefly to the requirements of the 
market fishery. 

With several eminent naval architects in the field, as designers of fishing gchoon- 
ers, it is not surprising that some of the latest additions to the New England market 
fleet should be so highly specialized as to make it apparent that the limit of swift- 
ness has been pretty nearly reached in the construction of sailing vessels. Although 
the cost of building such schooners is somewhat increased in proportion to their car- 
rying capacity, the additional profit to be obtained by getting the catch to market in 
the briefest possible time has been so fully demonstrated that comparatively little is 
thought of a considerable increase in expenditure, if a vessel can be obtained which 
will outstrip all rivals. 

As has been intimated, the success in the direction of improving the speed and 
sea-going qualites of the schooners has been very gratifying, and there is reason to 
suppose that the introduction of the very best sailing vessels will be rapid. Neverthe- 
less, it is a fact too well known to admit of discussion that even the swiftest sailing 
vessels may be, and often are, seriously delayed by calms and head winds. Therefore, 
when they have to operate on distant fishing grounds, their catch may frequently 
become more or less deteriorated before they reach market. The result of such delay 
and injury to the qualitj" of the fish is that the fisherman receives less for his labor, 
and ;i bad influence is exerted on the trade, since the consumer gets an inferior article 
of food, v/hich tends to lessen the demand. 

While this may not occur often enough in some localities to seriously handicap 
the fisheries, it is, nevertheless, a factor of such great importance in most regions 
that i'j is worthy of serious consideration, and whatever tends to decrease uncertain- 
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ties of this kind will, beyond question, add to the prosperity of the business, providing 
the expense incurred is not disproportionate to the advantages to be obtained. 

In view of what has been stated, it seems timely to consider the question of util- 
izing steam as a motive power on the vessels engaged in the off-shore Atlantic market 
fishery. If a swift and thoroughly sea- worthy screw steamer — one that can keep the 
sea and make passages in heavy weather — can be built and operated at a compara- 
tively moderate expense, there is reason to believe that such a vessel would prove 
successful in the market fishery north of Cape Cod. 

It is true that experiments have been made in the direction of employing screw 
steamers in the winter haddock fishery and that the results obtained were not satis- 
factory. But those trials have proved nothing excepting that the vessels were entirely 
unfit for the winter fishery. Indeed, they had been built for the menhaden fishery, 
which is prosecuted in summer, and by necessity in comparatively smooth water. 
What seems to be needed for the market fishery, if steam is to be employed, is a type of 
vessel that, while being of moderate size, will be swift and sea- worthy; is compara- 
tively inexpensive to build and run, and will have, at the same time, sufficient carrying 
capacity to enable it to bring into market as many fish as it is liable to take. 

The small screw steamers which are employed from England and Scotland in the 
long-line or trawl-line fishery, the beam-trawl fishery, and the drift-net fishery (and 
have been introduced also into other European countries), appear to possess the qual- 
ifications that may be required in a vessel to adapt it to the market fishery on the 
Atlantic coast of the United States. These steamers, though moderate in dimensions, 
are specially designed for sea service in all weathers. They are safe, swift under 
steam, and, in order that their expenditure of coal may bo kept down to the minimum, 
they are provided with a considerable sail area. When cruising on the fishing grounds, 
sails alone can be used, when there is wind, and they serve as an important auxiliary 
power when making passages. 

Appended are descriptions and plans of some of the best types of European 
fishing steamers. It is believed by the writer that similar vessels, modified so as to 
meet local requirements, would be well adapted to engage in the New England market 
fishery. The question of building such vessels of wood, iron, or steel, is one that must be 
necessarily left entirely to the judgment of those who should have them constructed. 
In England iron is generally preferred, for the reason that it is so much more durable 
than wood. But, on the other hand, the Scotch fishermen have shown a preference 
for wooden vessels, though it is probable that they, also, will prefer iron instead as 
soon as they consider the period of experimentation has been passed. 

It will doubtless be found feasible to introduce on steamers the system of refrig- 
erating fish by use of Ammonia, and at very small expense, since all the motive power 
required could be furnished by the engines without any material increase in cost. 

C— NEED OF STEAMERS IN THE FISHERIES OF THE PACIFIC. 

To secure the best results in the market fishery of the Pacific, it seems eminently 
desirable that steamers should be employed, and the need for such vessels in that region 
is greater than on the Atlantic coast. In summer, calms and light winds are very prev. 
alent along the Pacific coast, while ice is expensive and often difficult to obtain. The 
lack of ice makes it impracticable to keep fish in a fresh condition for any consider- 
BuU. U. S. F. C, 88 12 
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able length of time, and since a boat or vessel may be delayed for days almost within 
reach of port, for want of wind, the need of some motive power which will make it pos- 
sible to carry the fish to market without loss of time is apparent. 

Small screw steamers, like those used by the Scotch and English, could, no doubt, be 
profitably employed in the fresh-halibut fishery which is just opening up from the 
ports of Puget Sound and Oregon. It would also seem that such vessels might find a 
fair field in the market fishery of San Francisco, either by working independently or 
as carriers for the fleet of sailing boats now employed from that port. It is, perhaps, 
possible that such small steam- vessels could visit grounds much more remote from San 
Francisco than those now resorted to by the sailing boats and bring thence to market 
fish in the best condition. 

If practicable, it would, no doubt, be financially to the advantage of the fishermen of 
San Francisco if arrangements were made whereby the daily catch of each boat could 
be put on board of a swift steamer and carried directly to market, the boats remaining 
on the ground, if the distance from port was such as to make the going and returning 
a matter of much moment. This would not only insure a larger catch of fish by a given 
number of men and boats, but also the placing of the products of the fisheries upon the 
market in such condition as to vastly increase the demand. 

D.— EMPLOYMENT OF STEAMERS IN THE CHESAPEAKE BAY FISHERIES. 

Although the increase in pound-net fishing and the number of pounds operated on 
Chesapeake Bay has been something phenomenal in recent years, it is, nevertheless, a 
fact that there are localities in which it is believed excellent fishing could be obtained 
which are not now utilized. This is perhaps due to the fact that, up to date, steam has 
not been employed as it seems it might be. The fishermen, depending on sailing boats 
to carry their catch to market, or to the various landings on the bay for shipment by 
steamer or rail, are limited, of course, as to the distance to which they can extend their 
operations. If the weather is calm, as is frequently the case in spring and summer, they 
are compelled to depend upon rowing to reach the shipping point. 

A small steamer, which would be comparatively inexpensive to run, could carry fish 
from almost any point to a landing wliere tbey might be shipped to market, and thus 
many localities not now utilized could be made profitable for the fishery. Among those 
that may be mentioned are Wolf-Trap Spit, and in the vicinity of Smith's Point. The 
last-mentioned locality is about 30 miles from a steamer landing, and it is evident that 
it would be impracticable to transport fish in a sailing craft that distance and be sure 
of making the landing at the proper time. 

E.— NEED OF SMALL WELLED VESSELS OR BOATS FOR THE MARKET FISHERY 

OF SOUTHERN CALIFORNIA. 

At present, the coast towns of southern California are supplied with fresh fish that 
are taken in small boats (generally sailing boats), that go out to the grounds within 
easy reach. Fish are reported to be abundant in that region, but owing to the prev- 
alence of light winds and calms, and to the fact that ice is not used, the catch of the 
fishermen frequently, if not generally, is not in the best condition when it reaches the 
consumer; occasionally it may have to be thrown away before it can be sold. The 
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result is, of course, much to the disadvantage of the market fisherman, since any 
uncertainty about obtaining fish in good condition tends to decrease the demand, and 
thereby to make the price lower than it otherwise would be. 

The demand in southern California will not at the present time warrant the 
employment of large fishing vessels or steamers to supply the ports with fresh fish, but 
it seems entirely feasible to improve the market fishery very materially by using small 
welled boats in which fish can be kept alive. This would insure, beyond all question, 
placing the products of the fisheries upon the market in the best possible condition, 
and would doubtless lead to a material increase in the demand, to the advantage of both 
fisherman and consumer. 

Mr. A. B. Alexander, who has visited the region referred to, as fishery expert on 
board of the Fish Commission steamer Albatross^ and who had a good opportunity to 
note the boats, and condition of the fisheries there, writes as follows : 

^^ A smack would be the proper vessel to use in this locality, audit seems strange 
that that class of vessel has never been employed in the California fisheries. In 
summer there is but little demand for fish in the markets south of San Francisco, 
owing to the fact that nearly' all fish which are exposed for sale are in a partially- 
decomposed state. Ice is too high for fishermen and fish-dealers to think of using it 
for preserving fish. By using smacks fresh fish could be constantly kept on hand. 
He who first engages in this business will do well." 

Deeming this a matter of more than ordinary importance, I have prepared plans 
(Plates 16, 17, 18) of a sailing welledboat, which can be built at a moderate cost, and 
I believe it will be well adapted to the market fishery of southern California, and may, 
perhaps, also be profitably employed at San Francisco and elsewhere on the west 
coast.^ 

In making the designs for this boat I have been influenced somewhat by considera- 
tion of the fact that she can carry comparatively little ballast, owing to her buoyancy 
being decreased to the extent of the capacity of the well. Therefore she has ample 
beam to give her the requisite stability. Since it is also necessary to have as much 
capacity in the well as practicable, her depth is considerable. This feature will, 
however, improve her sea-going qualities. 

If a portion of the ballast can be put outside, in the form of a metal keel, it will add 
materially to the stability, and, at the same time, make the boat easier in a sea-way, 
since then the weights will be more central than if put inside, where they can be placed 
only forward and aft of the well. 

The arrangement of the deck and interior must be adapted to the special needH 
of those who use the boat, and may vary considerably in different localities. I will 
suggest, however, that tolerably comfortable quarters for sleeping and cooking can be 
had forward of the well (Plate 17, fig. 2), and in that part < f the boat the deck might 
be nearly flush with the rail, as indicated, to give the maximum of head-room. Aft 
of the cuddy the deck might be lower, as shown in the plan, and in the hold, abaft 
the well and on each side of it, can be stowed nets, lines, etc., also fish that die in the 
well, or otherwise. 



* In most cases it will doubtless be most economical for those fishermeD who have suitable boats 
to build wells in the boats they now own. This can be done at little cost. It will probably be 
necessary to use a live-car in connection with each boat, this to be moored at the market port for the 
storage of such fish as can not be immediately disposed of. 
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The catter rig is the one best C!idapted to a boat of this kind when speed is a special 
reqaisitc. Besides, a ruuning bowsprit (which cau be palled iu wheu the sea is rough) 
and a hoaciug top-mast add materially to the power and efficiency of a boat in heavy 
weather. The sail plan, Plate 18, shows c. large area of canvas, most noticeable, per- 
haps, in the club gaff-tx)psail. But the prevr.lence of light winds on the Pacific coast 
during a portion of the year seems to ccAl for considerable light canvas, and, on a 
boat like this, it cau be easily managed and will do most effective work. 

The special feature of this boat is, however, the well. It is believed tliat the 
so-called "box well '^ (Plate 17, figs. 1 and 2), which is peculiar to the Key West 
"smackees," is the style best adapted tc market fishing, and for this reason such an 
one has been shown on the plans. If greater capacity for liviug fish is required it can 
be obtained by making the well of the ordinary type with a deck, and building it with 
*' primings-out." It is [irobable, though, that a box well will be found quite sufficient 
to accommodate the catch from day to day, and any surplus which can not be mar- 
keted can be transferred to live-cars, as previously mentioned. 

The plans have been made for a boat of such size as is believed to be most suitable 
for the market fishery of the west coast. It is, however, entirely feasible to construct 
one smaller or larger from the plans, as will be understood by practical builders.' 

The following are the principal dimensions : 

Feet. Inches. 

Length over all 34 3 

Length, load water line 28 2 

Beam, extreme - ^ 10 9 

Beam, load water line 9 7^ 

Depth, deck to keel, amidships 6 

Draaght, extreme 5 | 

Least freeboard 1 9 

Length of well, extreme 8 

Length of well at doc fc 3 

Width of well, extreme 5 

Width of well at deck 2 

Mast, from fore side of stem at dock 10 0^ 

Mast, deck to hounds 22 9 

Masthead 4 6 

Topmast, fid to truck 22 

Boom - 30 6 

Gaff 20 

Bowsprit, outside stem 14 6 

Topsail pole 23 

Topsail club - 16 6 

F.— NOTES ON BRITISH FISHING STEAMERS." 
1. STEAM F1SH-(^A11RIK11S. 

No vessels employed in the British fisheries play a more important part than those 
which are termed '* carriers," the chief business of which is the transportation of 
fresh fish from the lleets of beam-trawlers in th(^ North Sea to the principal markets. 



'The lines have hvvu drawn to show tlu' form and dinionsicms of the boat to out^jide of plankiDf; 
instead of to outside of frjunes, as is commonly tlu^ case. 

'These notes an» extracted from a manuscript report, prepared hy the writer, on the fishing ves- 
sels of foreign countries. 
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There are two distinct systems of fishing adopted by the trawling smacks. One 
is called '^fleeting," and the other the ^^single-boating'' system. When pursaing 
the former an arrangement is made between a number of vessels to fish in company, 
thus forming a fleet, one of the captains, an experienced fisherman, being appointed 
pro tern, as an '^ admiral," whose duty and privilege it is to decide upon what grounds 
the fleet he commands shall fish, and by a system of signals he controls and directs 
the movements and operations of all the smacks following his flag. The others put 
out their gear in response to a signal from the admiral, and they all head on the same 
tack, towing their trawls together in the same direction. 

" In connection with each of the fleets there are several steam -vessels, called 
steam-cutters, which ply to and fro between the fleet and the port where the fish has 
to be discharged, generally London, Hull, or Grimsby. One of these cutters is gen- 
erally arriving every day at the fleet, and the fish which have been caught by the 
smacks, and have on board of them been packed in boxes, are transferred or boarded 
in the smacks' boats to the steam-cutter, with which she then goes back to her port 
of discharge. The smacks engaged in fleeting remain at sea for periods varying from 
six to eight or ten weeks, when they return to their port to refit. From Yarmouth 
there are about six hundred and seventy smacks engaged in fleeting and thirty in 
single-boating all the winter and summer; from Hull one hundred and fifty or two 
hundred are engaged in fleeting, and from two hundred to two hundred and fifty in 
single- boating in the winter, and in the summer nearly all are eugage«l in fleeting; 
and from Grimsby thcsre are about three hundred engaged in fleeting and 100 in 
single-boating in summer ; but none of them go fleeting in winter." ^ 

Messrs. Uewett & Co., of London, who own a large fleet of trawlers, have the 
reputation of being the first to introduce the system of fleeting. Their carriers at 
first were swift-sailing cutters like the trawlers now employed at Brixham. 

"These carriers," writes Dunell, "would visit the North Sea fleet and bring in 
the fish in all weathers. Perhaps in the whole history of sea-faring life there has 
never been a better example of the courage and endurance of sailors than was shown 
by the skippers and crews of the old sailing carriers. No matter what the time of 3'ear, 
so long as the boat could stagger under her canvas she was driven hard through all 
weathers. So great was the desire of the men to get their fish in that nothing was 
thought of danger and little of personal discomfort. Hardships that can be but 
faintly imagined by those who have not known what it is to be continually forcing a 
passage in winter at sea, were cheerfully undergone month after month by these men, 
they caring nothing so long as their fish were in time for the market."* 

The importance of this ciirrying trade, as indicated by the foregoing statements, 
naturally led to the introduction of steam-vessels to take the place of sailing carriers, 
for it was soon found that atlverse winds or calms rendered uncertain the supply of 
fresh fish, notwithstanding the fact that every possible effort was put forth by the 
crews of the cutters. Steam-carriers were sent out to take the fish from Hewett's fleet 
as early as 1804, hut they were not employed from Hull until 1880. 

These steamers, as a rule, have l>een designed especially for the trade. They 
are built of iron, generally not extremeh' sharp; the most important qualifications in 



' Report to the Hoard of Trade ou the system of deep-Hea trawl-tishin^ as condncted in the North 
Sea. London. \^^'^. 

•George R. Dunell, in (London) "Engineering;/* Angnst 10, 1884. 
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sach vessels being good carrying capacity and sea- worthiness, with the ability to make 
headway against strong winds and heavy head seas. One who has sailed many months 
in a steam-carrier told the writer that he never had seen a time when that vessel 
would not keep on her coarse, and make good progress, when she was boand to 
market. 

The London steamers are celebrated for having more than the usnal amount of 
sheer — indeed, they are decidedly crooked, with their ends well up from the water 
even when they are deeply loaded. But, as a rule, vessels of this class are not re- 
markable for having a strong sheer, and some of them are rather straight on top. 

The steam-carriers built and engined by Earle's Ship-building and Engineering 
Company (limited), of Hull, enjoy a very high reputation amongst those interested in 
the beam-trawl fisheries. The illustrations (Figs. 1 and 2, Plate 19) are a longitudinal 
section with sail plan and deck plan of the Australia^ one of the latest built and best 
of the steam-carriers produced by the above-mentioned firm. 

The form of this vessel is excellent, considering the purpose for which she is 
intended. She has a moderately sharp bow, rather strongly convex above the water, 
which gives her good lifting power, or buoyancy, forward, when plunging into a sea ; 
her stem is straight and nearly vertical above the water-line, but curved below. She 
has a long, rather flat midship section, with low, rounding bilge, short but clean run, 
and a rather light and graceful stern. 

The following are the underdeck arrangements: Abaft the forecastle, and sepa- 
rated from it by a bulkhead, is the ice-room, this being entered through a hatch which 
is located just aft of the forecastle companion. The ice-house is 9 feet long, fore and 
aft, and holds 25 to 35 tons of ice. Abaft this, and between it and that portion of the 
vessel where are placed the engine-room and coal bunkers, is the fish-room in which 
boxes or '' trunks " of fish are stowed and iced, whether the vessel is fishing on her 
own account or acting only as a carrier.^ 

The coal-bunkers are forward of the boiler, and next to the after bulkhead of the 
fish-room, directly beneath the bridge. They extend from the deck to the keelson, and, 
when filled with coal, prevent the heat from the furnaces penetrating the bulkhead of 
the fish-room. Aft of the engine-room is the cabin, where the captain, engineer, and 
other officers sleep and eat. 

The Australia^ like other vessels of her class, is ketch-rigged, but has no bowsprit, 
the jib-stay setting up at the stem-head. The forecastle, which affords accommoda- 
tions for the crew, is partly above the main deck forward ; aft, the quarter-deck is 
flush with the main rail, and underneath this is the cabin. 

«* The length of the vessel is 135 feet, breadth 22 feet 6 inches, and depth to floors 11 
feet. With about 50 tons of permanent ballast on board, the draught forward would 
be 4 feet 10 inches and aft 10 feet 6 inches, the freeboard being 4 feet 6 inches. The 
engines are compound surface-condensing, with cylinders 21 inches and 40 inches in 
diameter, and 27 inches stroke. The cooling surface in the condenser is 617 square feet, 
the indicated horse-power being 380. The boiler is of the ordinary return-tube type, 
12 feet in diameter and 9 feet 6 inches long, having a total heating surface of 1,205 



» Mr. Charles Hellyer, a Bmack owner of Hull, is my authority for stating that these vessels occa- 
sionally engage in trawling, partionlarly when, owing to calms or other interruptions, the sailing 
trawlers are detained somewhat from working, and therefore have not enough fish to load the carrier 
when she arrives at the lleet. 
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sqaare feet and a grate surface of 38.5 square feet, the working pressure being 80 pounds. 
Ou the official trial of this vessel a speed of 10.8 knots was obtained, the consumption 
of coal per twenty-four hours being between eight and nine tons.'^* 

These steam-carriers have a capacity for cargo of from 3,000 to 3,500 << trunks'' of 
fish, each trunk or box holding from 80 to 90 pounds. The amount of ice carried to 
preserve these fish varies from 10 tons in winter to 25 or 35 tons in summer. 

The crew, as a rule, numbers twelve men, all told, four of these being in the 
engine-room, and eight on deck and in the galley. The deck gang is composed of the 
ca])tain, mate, boatswain, and four seamen, while the cooking is done by one of the men, 
who is usually called a steward. 

2. ENGLISH STEAM-TBAWLEBS. 

The Grimsby Steam Trawling Company was established in 1881, and in the 
beginning of the following year (1882) it commenced practical operations with two 
steamers. 

The pioneer vessel of this company, the Zodiac^ was soon followed by the ArieSj 
and so successful did these two vessels prove that in 1883 four other steamers had 
been added to the fleet. 

These are all iron, ketch-rigged, screw steamers, and differ chiefly in length, the 
more recently built vessels being a few feet longer than the others — ^the beam and 
depth remaining the same — and having a high quarter-deck. 

Description of the steam-trawler Zodiac. — The Zodia/^ has a flush deck, with a fore- 
castle under deck forward, aft of which is the forward fish-room. Between the two 
fish-rooms is the ice-house, provided with air-tight doors, in which is stored the ice 
that is used for preserving the cargo, and of which the vessel carries 8 tons in winter 
and 15 tons in summer. This ice-house is just abaft the mainmast. It extends from 
side to side and is <about 7 feet fore and aft. Just abaft the after fish-room is the for- 
ward coal-bunker, which extends from deck to keelson and from side to side. This is 
located a little aft of amidships, and between it and the cabin, at the stern, are the 
boiler and the engine room. She has engines which are essentially the same as those 
supplied to other vessels of this class, the cylinders are compound surface-condensing, 
17 inches and 32 inches in diameter by 18 inches stroke ; cooling surface in condenser 
350 square feet; boiler, return tube pattern, 9 feet 8 inches diameter, and 8 feet 10 
inches long; heating surface 653 square feet ; grate surface, 19.25 square feet; work- 
ing pressure, 75 pounds ; indicated horse-power, 182. The speed on trial was nearly 
9 knots; consumption of coal per twenty-four hours is about four tons. 

The Zodiac is 98 feet over all, 92 feet between perpendiculars, 20 feet (molded) 
beam, and 10 feet 6 inches deep. 

Details of construction of a steam-trawler. — The following are the details of dimen- 
sions, construction, etc., of one of the recent additions to the Grimsby Company's 
fleet of steam trawlers: Length between perpendiculars, 95 feet; beam, 20 feet; depth 
of hold, 10 feet 6 inches. Spars: Pole forema^st, 70 feet long, 26 feet from eyes of 
rigging to truck, diameter at deck, 15 inches; pole mizzen-mast, 57 feet long, 21 feet 
feet from rigging to truck, 13 inches diameter at deck ; bowsprit, full length, 33 feet, 

> *' EugineeriiiKS" Augnst 10, 1883. 
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diameter at gammon-hole, 11 inches; main-boom, 40 feet long, diameter 10 inches; 
main-gaff, length, 32 feet; mizzen-boom, length, 25 feet; mizzen-guff, length, 19 feet; 
two topsail-yards, the forward one 12 feet long and the after one 15 feet. 

The sails are made of canvas of the following weights: The mainsail and foresail 
are made of No. 1, extra G; small (or " storm ^) jib, No, 0, extra G; second jib and 
mizzen. No. 1, ordinary; big jib, fore- topsail, and mizzen-staysail, No. 2; and mizzen- 
topsail of No. 3. The dimensions of the lower sails carried by the Zodiac are : Jib — 
luff, 49 feet; leach, 27 feet; foot, 27 feet Stay-foresail— luff, 29 feet 3 inches; leach, 
23 ^eet 6 inches; foot, 16 feet 6 inches. Mainsail — luff, 22 feet 6 inches; leach, 45 
feet; foot, 32 feet 6 inches; head, 27 feet. Mizzen-staysail — luff (about), 22 feet 10 
inches; leach, 20 feet; foot, 17 feet 3 inches. Mizzen — luff, 19 feet 6 inches; leach, 
32 feet; foot, 21 feet; head, 20 feet. 

These vessels are built to class 100 Al at Lloyd's. They are provided with accom- 
modations for eight men, there being four berths aft in the cabin for the officers, and 
four berths forward. The cabin, and forecastle are fitted in a comfortable and substan- 
tial manner, are provided with side and deck lights, and each has a cooking-stove of 
an approved pattern. 

Nothing but the best material of its respective class is used in the construction 
of these trawlers. The butts of all plating, the stringers and keel, are planed and 
drawn hard together All butt strips are -^ in. thicker than plates they connect, and 
all are double-riveted. The double lugs on the frames, for the attachment of stringers, 
are of the same scantlings as reverse bars, and tixed with at least three rivets. 

The liners behind the frames, at alternate strakes of outside plating, and wherever 
required, are made in one piece, so that they accurately fill the space in length, breadth, 
and thickness. All stringers are continued fore and aft, the bulkheads and other 
obstructions being notched and made good up to them. 

The keel and stem are made of bulb bar-iron 7^ by IJ inches. The stern frame 
is 7J by 24 inches. The frames are angle-iron, 3 by 2J by ^ inches. The reverse 
bars are of angle-iron, 2J by 2^ by -^\ inches, every alternate one running up to the 
deck and above the bilge stringers. The floors are of plate-iron, 13 by ^ inches. 
The keelson is made of two bars of angle-iron 4 by 3 by 1% inches, running fore and 
aft, with a bulb bar 8 by i^^ inches, between, extending from fore bulkhead to 3 feet 
6 inches abaft of the aft engine-room bulkhead. The stern frames for bulwark are 4 
by 3 by -f-Q angle-iron, with g plate knees riveted on the toj) for rail. The bilge siringers 
are composed of two bars of angle-iron 3 by 3 by fV inches, riveted back to back, and 
to double reverse bars, being properly tied at each end by a plate hook and riveted. 
The stringer between bilge and deck is made of two bars of angle-iron, 3 by 3 by -5^ 
inches riveted back to back, and to reverse bar and lugs, and is continued fore and 
aft. It is properly connected forward and aft by plate hooks between the bars and 
riveted. The main deck stringer is of plate iron 24 by -^ inches wide, tapering to 
twenty inches at ends, fitted to skin with a 3 by 3 by ^ inches angle bar which is 
riveted to the skin, and stringer carried fore and aft the vessel. The deck ties on the 
beams are 8 by j{ inches, and are carried fore and aft. The deck beams are made of 
angle-iron 5J by 3 by ,^ inches, with welded ends riveted to each end with not less 
than four rivets. The carlins and fore-and-afters are all of the same dimensions as 
the beams; double fore-and-afters are placed where the bitts go througrh the deck, 
and plates are riveted on the top before the deck is laid, not less than i^-lnch thick. 
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IroD plates, from -f-^ to -^g inches, are rivete<l to the beams in the wake of all coamings, 
dandy winch, windlans, capstan, fore winch dram, etc. All of the chocks nnder deck, 
between the beams, for properly securing the same, are made the depth of the beam 
in thickness. 

There are three water-tight balkheadn, carried np to the deck, of -^inch plate, 
iron, stiffened with 2^ by 2^ by -^ inches angle-iron, provided with valves to be worked 
from the deck. 

The ontside plating is as follows : The garboard strakes, two bilge strakes at each 
side, sheer strake, and boss-plates are -|^ of an inch thick, the remainder of the shell 
plating being -|^ of an inch thick. The bulwark plates are -^j except the two fore- 
plates and the plates in the wake of the rigging, which are ^^ of an inch thick. The 
bulwarks are provided with two water-portH on each side. The rudder head is 3^ inches 
diameter and 2} inches at the heel ; it has a welded wronghMron frame, and is plated 
with ^^inch plates. 

The boiler is made of steel. There are two side bunkers and one athwartship for 
coal (as shown in the plans, Plates 21, 22, and 23), the whole having sufficient capacity 
to hold fuel enough for fourteen days' consumption. 

The knight-heads are oak, 5i inches thick, and extend 5 feet on each side of the 
stem; they are pierced with hawse pipes and bowsprit hole. The forward warping 
chocks are also of oak. 

The deck is pitch pine, the planks being 6 by 3^ inches. The space below deck, 
under the capstan, is filled in solid with American elm chocks, and oak planking 14 
inches wide is laid next to the gunwale bar, fore and aft, and also for capstan, 
windlass bitts, alongside of the hatchways, etc. 

Two-inch pitch pine is used for ceiling in the hold, carried from keelson to deck, 
and caulked so that it is perfectly tight above the ballast. The coal bnnkers are 
sheathed with 2-iuch American elm. The hatch coamings are iron, with round comers 
of plate-iron 12 by -fi^ inches, with half-round iron bar 2^ by 1^ inches, ronnd top 
edges, and they are 9^ inches in height above deck. The bnlwark stanchions are iron 
If inches in diameter. The beam stanchions in the hold are 2J inches roond iron. 
The rail-bar is 4 by 3 by -^^ inches angle-iron ; and the beading iron is half-round bar 
2i bv } inches, this l>eiDg fastened with f inch rivets 12 inches apart. 

The Diain rail is made of American elm, 7^ by 3^ inches, with a greenheart capping 
on top, Oi by 2.^ inches, extending about 40 feet on each side, and well rounded on top. 
There is also an iron bar fastene<l to the outer edge of the capping with a 6 by 2^ inch 
•heave at each side of the forward end of the towing chock. 

The windlass is the ordinary handspike form, and is pro\ided with a lever-ratchet 
purchase on the spind]<^ ontsidt^ of the bitts. Tlie forward winch, similar to those on 
sadiiig trawlers, is carrie<l, and, by a i>ecnliar arrangement^ the winch and windlass 
can be combine^! on one s*^t of bitts, if necessarj-. There is a steam drum for winding 
in wire warp. This is jirovided with reversing gear and separate action of main barrel 
and winch ends at eiid of drum, with brake power, separate pawhj to main barrel, 
and ends fitted with hand '^car to treble purchase. There is also a ca[M$tan similar to 
those on a sailing' trawl*>r, which a^.-ts as a fair-lea^ler to the drum. The dandy winch, 
placed at the mizzen n^^'^ins on the fKiit >ide. is the same as the improved forms used 
on other trawlers. The trawl-warj* ^aijfrway is ]>roride<l wiih both horizontal and 
vertical iron rollers. There are two Ixjllanls aft for towing, and one revolving bollard 
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or Sampson post on each side. At each side there is a rolling chock 30 feet long, 
made of bulb bar-iron 7^ inches between two angle-bars 3 by 3J by -^ inches, riv- 
eted to the ship's sides. The sheet of the stay-foresail works on an iron traveler, 
which extends from side to side of the bow. The chains are galvanized, and the 
anchors are of the ordinary short-shanked pattern carried by other trawlers. The 
side of the vessel is made flush, the chain plates being riveted to the bulwarks, so that 
boats may come alongside in a sea-way without being damaged by projections. 

Provision is made to pump the vessel out by steam, but she is also supplied with 
a 6-inch hand pump. There are two iron water-tanks, having a total capacity of 500 
gallons. 

About 40 tons of ballast are carried, this being the best iron slag ; it is grouted in 
with cement, and over the top of the ballast there is put a 3-inch face of Portland 
cement. The cement is rabbeted to take a wooden cover 2 inches thick, and a 9-inch 
gutter is left in the center for drainage purposes. In the ice-room a redwood floor, 2^ 
inches thick, is laid on top of the ballast and firmly secured. 

Description of one of the latent built steam-tratclers. — A fine model of one of the most 
recently built steam-trawlers of the Grimsby Company's fleet, which differs somewhat 
from the Zodiac, was exhibited at London, 1883. The lines of this vessel are excellent 
for sea-worthiness, carrying capacity, and for a reasonable amount of speed. She is 
moderately sharp forward, with straight stem and nearly square fore-foot ; rounding 
bilge, with medium dead-rise ; a long, finely shaped run, and round stern. She has 
more sheer than the average vessel of this class, which, with the high bow chock for- 
ward, and raised quarter-deck aft, gives gracefulness to her appearance, which is all 
the more pleasing because of its general absence in British steam fishing vessels.* 
The main deck extends from the bow to within about 25 feet of the stern, where the 
quarter-deck begins ; the latter adds to the height of the after section, and gives more 
cabin room. The bridge extending from side to side, and elevated 7 to 8 feet above 
the main deck, is placed just forward of the quarter, and over the after part of the 
engine-room. It is protected by a metal railing, and is reached by steps, from the 
quarter-deck, on the starboard side. The cabin companion is on the quarter-deck, 
just forward of the mizzen-mast, and a little to starboard of the latter. A large sky- 
light abaft the mizzen-mast affords light and ventilation to the cabin. The entrance 
to the forecastle is aft of the windlass, while three hatches, one foreward of the main- 
mast and two aft of it, on the main deck, lead to the hold and fish-rooms. The trawl- 
warp roller is on the port side (about 5 feet aft of the main rigging), and a capstan 
stands abreast of the roller in the middle of the deck. On the main deck, a little for- 
ward of the smoke-stack, is a steam winch for winding in the trawl-warp, hoisting 
sails, etc., and the dandy winch, or " wink," is on the port forward end of the quarter. 
The boat is carried on the davits aft of the starboard main rigging. As previously 
stated, the rig differs in no essential particular from that of the Zodiac. 

She is 70.63 tons ; her length, breadth, and depth being the same as have already 
been given. She carries a 60-foot trawl-beam, and has a capacity for 1,700 " trunks" 
of fish. Her speed, under steam alone, is 10 knots, and, being so heavily rigged, she 

* Mauy of tbo fishing stcinierH, probably inost of them, judging by the models exhibited at LoiidoD, 
are tliish- decked, and Homo are 8o straight on top that their appt^arance is not pleasing to the eye. Id 
some cases they looked almost as if thoy were " hogged." The vessel above described differs from the 
Zodiac chiefly in having a raised <|uarter-deck. 
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will often make 11 to 13 knots under sail and steam. Often, when vessels of this class 
have a favorable wind, they disconnect the screw and run nnder sail alone. 

Cost and expense of running a steam -trawler. — A steam trawler, such as has been 
described, would cost Iroin £4,000 to £4,500 ($20,000 to $22,500), which is about three 
times as much as a first-class sailing trawler would cost. Then a steamer is more 
expensive to run. In the first place, she must have three more men, of the class, too, 
that receive high pay ; then there are the repairs to machinery, coal, oil, etc., which 
together amount to quite a sum. As an offset to this, a steamer will stock from twice 
to three times as much as a sailing trawler. 

Redway^s steamer. — The smaller class of steamers designed alone for fishing are 
sometimes considerably sharper than those from Grimsby, not requiring so much carry- 
ing capacity The following details of dimensions, etc., are those of a design by W. 
E. Redway, of Milford Haven (Plates 23, 24, and 25), from which several steam-trawl- 
ers were built in 1883. This type of vessel is now in high favor, it is said, and it is 
claimed that they are very serviceable, swift, and sea-worthy. 

The following are the principal details of a vessel of this type : 

Feet. InoheA. 

Length by Lloyd's measurement 87 6 

Breadth by Lloyd's measurement 20 

Depth by Lloyd's measurement 12 4 

Depth of hold 10 8 

Load draught 10 6 

Least height of freeboard 2 9 

Tons. 

Tonnage gross register (approximately) 96 

Tonnage net register (approximately) 50 

Builder's measurement ., 155 

Weight of hull 1 "62 

Weight of machinery 20 

Weight of outfit 15 

Weight of coal 20 

Weight of water 10 

Total dead weight capacity 48 

Total displacement 175 

Elements of design of hull : 

Length of fore body feet.. 48 

Length of afterbody do... 40.5 

Area of immersed midship section square feet.. 118 

Ratio that area of immersed midship section bears to its circumscribing rectangle .65 

Area of load water plane square feet.. 1,218 

Ratio that load water plane bears to its circumscribing rectangle .688 

Displacement per inch of immersion at load water line tons.. 2.9 

Scpiare feet of immersed surface 2,082 

Square feet of augmented surface , ^.» 3,836 

Coefficient of fineness = <li«Placement ^ ^^^ 

LXBXD 

Area immersed vertical longitudinal section square feet.. 770 

Center of lateral resistance from fore end of load water line feet.. 47.4 

Center of buoyancy below load water line do... 2.99 

Metacenter of buoyancy do... 4.68 

Area of lower sails square feet.. 2,238 

Center of effort above load water line feet.. 29.25 

Center of effort abaft fore end of load water line do... 46.25 
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The engines fitted to these vessels are of the ordinary inverted compound snrface- 
condensing type with an intermediate receiver. The cylinders are 12 inches and 24 
inches in diameter, the stroke being 24 inches. They are supplied with steam by an 
ordinary return -tube steel boiler. 

The vessels are classed 90 Al at Lloyd's, and as shown in the illastration are dandy- 
rigged. There is, however, no mizzen-mast proper, the funnel serving for hoisting the 
after-sail upon, a plan which has evoked most hearty expressions of contempt from 
some old-fashioned fisherman, but which according to some authorities has stood the 
test of practical experience and been found to answer well. In regard to the fault 
found about the funnel serving as a mast, I have heard many complaints from those 
competent to judge of its merits, and was credibly informed that it had so far proved 
a failure that many of the owners who have had their vessels provided with funnels of 
this kind are discarding them and are using the ordinary smoke-stack. There is no 
bowsprit. It is anticipated that the engines will give about 120 indicated horse-power, 
and with the fine water lines and beautiful models Mr. Redway has given these craft 
a good speed should be attained. 

The vessels constructed on this design, though sharper than those built for the 
Grimsby Company, are well proportioned, both for speed and sea-worthiness, and 
when large caiTying capacity is not specially required it is difficult to see where their 
form can be improved. 

3. LONG LINE STEAMER. 

Steamers have recently been employed successfully in the long-line fisheries of the 
North Sea. The first vessel of this class was the Alhatroas (Plate 26), which was 
built in the summer of 1884 for Mr. T. F. Eobertson-Carr, of Berwick (now, 1889, Tyne- 
mouth). Mr. Carr states that this was the eighth vessel of the kind which has been 
constructed with a view to arrive at the class of boat that is now wanted on the east 
coast; sbe is 10 feet longer than any of the rest. He adds: '* Wliat defects I have 
seen in those already built I have remedied." 

In her leading characteristics this vessel is not very much unlike the Scotch 
steam-trawlers and steam-drifters, which are discussed at length elsewhere. As will 
appear by the following description, she is so designed that she is equally well adapted 
to either the drift-net or long-line fishery — though intended for the latter industry — 
and it is now deemed probable that this class of small steamers will supersede the 
Scotch fishing luggers, unless steam-tugs are to be extensively used to tow the sailing 
boats to and from the fishing grounds. 

The Albatrofis is a wooden screw steamer, built under Lloyd's special survey. She 
has an jiliptical stern, and a handsome model, the lines being specially fine under 
water. She is 75 feet long ov^er all, 70 feet between perpendiculars, 17 feet extreme 
beam, and 8 feet 9 inches deep. The engines are of the compound surface-condensing 
type, specially designed for craft of this description, and fitted with i)atent air and 
circulating pumps. These engines occupy less spaee than any other ; besides, they are 
simple and more effective than the ordinary form of compound marine engines, while 
the consumption of fuel is considerably less. Tlie In^j^li pressure (cylinder is 8 inches 
in diameter, and tlie low-pressure 10 inches diameter, with a stroke of 12 inches. She 
has a working pressure of 100 pounds per square inch, and 45 indicated horse-power. 
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The after balkhead of the bold forms the front of the cross coal banker. This arrange- 
ment of having a coal banker forward of the engine and lK)ilers, extending from side 
to side, has been foand a desirable one, and has been extensively if not aniversally 
adopted on all fishing steamers, since by this means the heat from the boilers is pre- 
vented from penetrating into the hold and affecting the fish. The after balkhead of 
the banker, the side bunkers, and deck casings are of iron. There is a store-room 
abaft the engine. 

The crew have large accommodations forward, with companion entrance firom the 
deck. There is a sliding door in the balkhead, so that the '^ wings" of the hold can be 
easily reached, this being reqaisite during the herring fishing, at least before the nets 
are sorted. There is a large hatchway to the hold which has nothing peculiar in its 
arrangement. 

The vessel is ketch-rigged, with a lag mizzen and outrigger for sheet, and, like 
the average sailing drifter, she has her mainmast arranged so that it can be lowered 
when necessary. On account of steam being the principal propelling power, and also 
for the attainment of '^ handiness,'' the sail area is comparatively small, no light sails 
being carried. She is expected to make a speed, under steam alone, of 8^ knots per 
hour, and in fresh winds this can be materially increased by the aid of the sails. 

4. 80OTCH STEAM SCREW TRAWLERS. 

One of the best types of screw trawlers used in Scotland was represented at Lon- 
don by two rigged models exhibited by a Gran ton firm who are well-known builders 
of fishing steamers.* These were the models of the steamers Chrantan and Oannetj 
which apparently differ only in size. The vessels are adapted to trawling, net and 
line fishing, and carrying purposes. They are, however, used chiefly as trawlers. 
They are carvel-built, keel craft, have excellent lines for sea- worthiness, and are swift 
enough for all practical purposes, while their form gives them good carrying capacity. 
They have a moderately sharp, rather straight up-and down bow — the forward frames 
being U-shaped — curved forefoot, low deep bilge, with a rather short turn at floor 
timber-heads, long floor, finely formed run, and round stem, which is rather fuller than 
the stern of average vessels of this class, thereby giving more buoyancy to this sec- 
tion. They have flush decks, are ketch-rigged, with two masts, and carry three sails 
(foresail, main, and niizzcn). There is a house just aft of the mainmast, which is 
similar in form and function to the cabin house of an American flshing schooner, and 

> This firm has built several steamers of about the same type for Spain, France, and the Canary 
Islands. The following, corroborative of the above, is clipped from an article in the Ediuburgb Scots- 
man of July 2, 1?^S1, describing the opening of the Edinburgh Dock : ** A branch of this industry, which 
only came into existence a few years ago, is the building of wooilen screw steam trawling vessels. 
Messrs. Allan <& Co., who may Im>. said to be the inventors of this class of vessel, have now removed from 
Leith to larger prtMuisesat Graiitou, and their ground has been taken by Messrs. Ramage & Ferguson. 
The lirst steam trawling vessel of the kind, the Pioneer, was launched in lrt77, and since that date four- 
teen vessels of a similar construction have been launched. Others are in progress. While some of 
these vessels were for the home trade, others have gone to Spain, France, and the West Indies. These 
trawlers have quite revolutionized the fishing industry, and have financially proved most successful.'' 

It may not be out of place to mention hero that two special prizes were awarded the firm at the 
International Fisheries Exhibition, London, in addition to the gold medal, for the excellence of their 
models. 
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gives greater height to the cabin. The engine-room is aft of amidships. A steam- 
winchy for heaving in trawl or net warps, stands jnst abaft the foremast. 

The dimensions of the Oranton are : Length over all, 108 feet ; between perpen- 
diculars, 100 feet ; beam, 19 feet ; depth, 10 feet. She steams 11 knots, and makes 14 
knots, with favorable circumstances, nnder sail and steam. The following additional 
particulars have been kindly furnished by the builders, who have also supplied the 
details of their other steamers, together with the plans : The Oranton^s gross register 
tonnage is 120 tons ; net, 50 tons ; cargo measurement, 100 tons ; dead weight, 180 
tons ; draught of water, loaded, 10 feet ; same, light, 8 feet. She is provided with 
compound surface-condensing engines, placed amidships ; cylinders, 18 by 34 inches ; 
length of stroke, 24 inches ; number of revolutions, 120 per minute. Nominal liorse- 
power is 45; effective horse-power, 225. She has a horizontal multitubular boiler, 
working pressure, 85 pounds ; one steam-winch, and one donkey-engine. The con- 
sumption of coal is 3 tons per day ; capacity of bunkers, 30 tons. There are three 
bulkheads and one hatchway. 

The dimensions of the Oannet are : Length, 102 feet ; beam, 18 feet; depth, 10 feet. 

The same firm exhibited a builder's model of the screw-boat Onwardj which was 
built in 1877, and is 60 feet long between perpendiculars, 16 feet wide, and 7^ feet deep. 
Her gross register tonnage is 40 tons; net, 20 tons; nominal horse-power, 20; effective 
horse-power, 100 ; speed, 8 knots. She had a long, rather full body, hollow floor near 
the keel, bow full above water (for a steamer), very concave below, short run, and 
round stern. The shape of this vessel is not so good as that of the others, though it 
must be borne in mind that the smaller size of the Onward did not, perhaps, admit oi 
the fine lines which are noticeable in the Oranton. 

The following interesting history of the attempts to successfully use steam fishing 
vessels is from the pen of Mr. David Allan, senior partner of the firm of D. Allan & 
Co, Under date of September 13, 1883, he writes: 

♦*You will observe in the extract from the Scotsman of 25th July, 1881, it is there 
mentioned that the Pioneer was the first steam trawler launched by us iu 1877. This 
is a slight mistake, as the Pioneer was simply a fishing boat, built by us with steam- 
engines of 10 horse-power (driving the vessel about 6 knots an hour in a calm), solely 
for net and line purposes, in the Shetland Islands. She answers the purpose well for 
which she was intended; but the people on board were unable to work the machinery, 
and hence, like many pioneers, she proved unremunerative to the owner. 

"The Onwardj we might say, was the first steamer designed and built especially 
for fishing purposes. We, however, put small high-pressure engines on board, which 
were very imperfectly made, and consequently were continually breaking down, and 
being unable to get any skilled fishermen to go on board, owing to their prejudice to 
steamers, she also proved unremunerative. 

"The Mamelena Ist^ built from the same lines as the Omcard, and engined with com- 
pound surface-condensing engines, and sold to Messrs. Mercader & Sons, San Sebas- 
tian, Spain, was really the first successful screw fishing vessel; and I might say she 
combines all our experience to that date. The machinery has given every satisfaction, 
and she happening to fall into the hands of men such as Mr. Mercader and Mr. Gori- 
stidi, who was associated with him in the enterprise, both being men of great intelli- 
gence and perseverance, they have the credit of being the first to make screw fishing 
steamers a commercial success, which you can easily see from the fact that they have 
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siiice bought two other vessels, viz, Mameletia 2d and 3(2, and they are also connected 
with a fishing company at Canary Islands for which we built three vessels." 

The excellent sea-going qualities of these are shown by the following extract from 
a letter written by the captain of the Sea Queen^ a vessel similar to the largest fishing 
steamers. The Sea Queen, which is engaged in trading about the West Indies and 
vicinity, left Leith, Scotland, January 2, 1881, and arrived at Kingston, Jamaica, on 
February 9, encountering very heavy southwest gales on her passage. A little more 
than a month later the captain wrote as follows: 

*< Bermuda, S. S. Sea Queen, llt^ March, 1881.— I just finished delivering the 
cargo at St Anne's Bay, and was leaving, when I got a telegram to come full speed 
back to Kingston to carry Government dispatches. I arrived there at 6.30 a. m. next 
morning, and after a detention of two and a half hours, taking coal, water, and stores, 
was sent off to this place, Bermuda, with news of OoUey's death, and the Gape Des- 
patch, with orders to stop the troop ship Orontes, with the Ninety-ninth Regiment, and 
send them to the Gape. H. M. S. Phoenix had been dispatched from a place 86 miles 
nearer Bermuda, twenty-eight hours previously. I had strong head winds the first 
two days; when I met a heavy northwest gale. Knowing the importance of the mis- 
sion intrusted to me, and the capabilities of the vessel, I kept on, although it blew 
with hurricane force at times, and the crew complained that I was trying to drown 
them. I arrived safely the morning of the fifth day, the distance being 1,130 miles. I 
got here just in time to stop the Orontes, as she was to have left two hours after I 
arrived. The admiral said he would be doing nothing but his duty in writing the 
home Government, and the government of Jamaica, of the valuable services I had 
rendered them in delivering the dispatches. H. M. S. Phoenix did not arrive until 
twenty-four hours after I did, she being hove to thirty-six hours.'' 

5. SCOTCH STEAM-DRIFTEES. 

There were four steam-drifters employed in the Scottish herring fisheries in 1883, 
of which tlie Kingfisher is the tyi)e. These were modeled and rigged like the steam- 
trawlers built at Granton, and which have already beeq described. The following 
are the details of dimensions, etc., of the Kingfisher: Length over all, 92 feet; between 
perpendiculars, 85 feet; beam, 18 feet; depth of hold, 9J feet; tonnage, 80 tons gross; 
25 nominal horse-power; speed, 10 knots under steam alone; 12 to 14 knots with steam 
and sail. The consumption of coal is 2 tons per day when fishing, and 2^ tons when 
running. She carries 20 tons of permanent stone ballast, and has capacity for 100 
tons of cargo. 

William Jarvis (ship and boat builder), of Anstruther, Scotland, also exhibited ;it 
London a model of a screw steamer intended for the drift-net and long-line fisheries 
of Scotland. This boat had a sharp bow, concave below water-line, straight stem with 
square forefoot, hollow floor near keel, but rather flat as it extended outwards, with 
short turn on bilge, giving good sail-carrying power. The floor merged into a long, 
fine run, which was thinner than the run of the average British fishing vessel. The 
stern was round. The screw had only two blades. The model was yawl-rigged, the 
mizzen being a lug-sail, and the mainsail of the onlinary fore-and-aft ty|)e, with gaff, 
but having no boom. The mainmast, as in nearly all drift-net boats, worked on a hinge 
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and could be lowered when the nets were ont,^ while she had a ranning bowsprit. 
There were two large oblong hatchways just abaft the foremast, the after one of which 
extended athwartships, and both were provided with rollers on their sides to lessen the 
friction when the nets were being transferred to and from the hold, which was divided 
into pens or bins, for the reception of gear and fish. There was a small forecastle at 
the bow, entered by a companion placed alongside of the mainmast. There were two 
small hatches on either side of the deck, just forward of the smoke-stack. Aft of the 
net and fish rooms was the engine-room, while at the extreme after part of the vessel 
was the cabin, entered by a small companion which stood athwartships close abaft 
the mizzen-mast. The vessel steered with a tiller. On each side of the bow was a 
warp-chock with three sheaves. These sheaves were for the purpose of lessening the 
friction when the net is being hauled in. The dimensions of the vessel represented by 
this model are as follows: Length over all, 63 feet; on keel, 58^ feet; extreme beam, 
16^ feet; draught aft, 7^ feet; height of mainmast above deck, including pole topmast 
of 13 feet — the whole spar is one piece — is 52 feet; bowsprit, outside stem, 24 feet; 
main gaff, 24 feet; mizzen-mast above deck, 36 feet; spanker-boom, 24 feet; spanker- 
yard, 18 feet. 

^The steamers built by Allan &. Co. have no provision for lowerinf; their mast, and, indeed, there 
seems little use for it, since a steamer can, if Decessary, always turn ahead slowly and take any heavy 
strain off the net. 



4 -JIOTES ON FISHES COLLECTED AT COZUMEL, YUCATAN, BY THE U. S. 
FISH COMMISSION, WITH DESCRIPTIONS OF NEW SPECIES, 

BY TARLETON H. BEAN, ICHTHYOLOGIST, U. S. FISH COMMISSION. 



The U. S. Fish Commission steamer Albatross was sent by the Commissioner, Profl 
Spencer F. Baird, late in January, 1885, to the Island of Cozumel for the purpose of 
investigating its natural history, with special reference to the fishes and their asso- 
ciates. 

The vessel was in command of Lieutenant-Commander Z. L. Tanner, TJ. S. Navy. 
The naturalists on board were Mr. James £. Benedict, naturalist in charge, Capt. J. 
W. Collins, Mr. Thomas Lee, and the writer, who was detailed more especially for the 
investigation of the fishes. 

On the 22d of January the Albatross arrived off the north shore of the island and 
anchored at the only anchorage laid down upon the present charts, in the extensive 
shallow bight towards which the bottom very gradually falls for a long distance off 
shore, making it very difficult to reach the land for the purpose of daily exploration. 
Hand-lines were immediately put into requisition here, and in a short time several 
species of fishes were captured. These were Ocyurus chrysurus^ one or two si)ecies of 
HasmuUm^ and one si>ecies of shark, Carcharias cceruleus. Ocyurus and HcemuUm 
accepted our bait of salt mackerel very freely. 

On the following day the vessel steamed around to the northwest side of the island 
and anchored off the village of San Miguel, the principal settlement of Cozumel. 
There is no harbor here, but a very good lee during easterly winds. Here the vessel 
remained, with but one interruption, caused by a sudden norther, until the 29th of 
January, when our position was changed to the south end of the island for a few hours 
before our departure to the northward. Seining parties were sent out from the Alba- 
tross in a seiningboat when the distance to be traveled was short, and the boat was 
towed by a steam-launch when distant points were to be explored. Collections were 
made near the village of San Miguel, in and near a lagoon about 4 miles below San 
Miguel, and along the beaches at the southern end of the island. Seining was every- 
where made difficult by the presence of sharp rocks, the prevalence of submerged 
vegetation, and the abundant Porites. Hook-fishing was essentially a failure. The 
water is everywhere clear, so that multitudes of fishes may be seen darting here and 
there, but none of them would take the hook freely. Certain species, which one would 
not expect to capture with the hook, were caught by angling. These were, Balistes 
vetula and Ostra^non bicaudalis. A gill-net was used on one occasion, and took only 
two species, Scarus gxmcamaia and Scarus cuzamilce. 

The great majority of our fishes were taken in a capelin seine 25 fathoms in length. 

BuU. U. S. F. C, 88 13 
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The total namber of species collected is sixty. Two-thirds of these species have 
already been recorded from Key West, Fla. The fish fauna is essentially West Indian. 

The shore line of Cozumel abounds in tide-pools formed by the beating of the surf 
upon the exposed rock. These pools are usually small and deep, and in them may be 
obtained an abundance of fishes of the genera Oohius, Chcetodon^ Olyphidodariy Hcemu- 
lofij LutjanuSj PomacanthuSj Rarengula^ and many others belonging to the shore fauna. 

One might easily empty the majority of these pools by pumping out the water, 
and the results obtained would amply repay the trouble. Besides fishes the collector 
would secure sea-urchins, brittle-stars, crabs, shrimps, squillas, sea-anemones, chitons, 
annelids, and other invertebrates in abundance. 

Among the characteristic shore fishes are Atherinaj StolephortLSj HarenguUiy Spari- 
8oma^ OerreSj Hcemulon, LutjanuSy Tylosurus, and Dussumieria; most of these can be 
taken among the algsB along shore even with a small Baird seine. The absence of 
cyprinodonts is rather remarkable. , 

The fish best known to the people of Cozumel for food purposes, apparently, is the 
barracuda, 8phyrcena picuda^ which we found to be an excellent table-fish. The 
Trachuropa crumenophthalmus proved to be a most palatable fish, and Harengula sat- 
dina is a fish of great delicacy. The species of Hcemulonj Lutjanusj and Ocyurus are 
also very acceptable as food. 

A very large species of ray was seen groping around the bottom in the vicinity 
of our steamer, which was not obtained, and consequently could not be identified, but, 
judging from its size, it may have been a species of Mania, 

There was no fishing by natives duung our stay. Casting-nets were seen on the 
island, but not in use. 

Unless otherwise indicated the species about to be mentioned were taken in the 
seines. The management of the fishing apparatus by Captain Collins was perfect, 
and the results obtained were due principally to his skill. 

1. Diodon Uturosus Sbaw. 

The length of the single individual obtained is 106 millimeters ; it was taken in 
the seine. Museum No. 37110. 

2. Orbidus spengleri Bloch. 

Two examples, catalogue No. 37065, were secured in the seine. These measure 
110 and 125 millimeters, respectively. Both specimens have scattered, slender fila- 
ments on the back and sides, and from twelve to thirteen roundish dark blotches close 
to the ventral outline. 

3. Ostraoion triqueter L. 

Two specimens, catalogue No. 37117, were caught with the hook, January 28, in 
the lagoon harbor. One of these measures Q-^ and the other 7 ^^ inches in length. 

The carapace is three- ridged, spineless, and forms a continuous bridge across the 
back behind the dorsal fin. The body and tail are profusely covered with white spots, 
none of which are as large as the pupil. Lips, roots of the fins, and margin of the 
caudal dark brown. 

4.. OBtracion bicaudalis L. Pesce Toro ; Bnll-fish. (PI. 2H, Figs. 1-3.) 

A fine example, catalogue No. 37130, was seined January 29, at the southern end 
of the island. This is lOJ^ inches long. The specnes is known at Cozumel as Pesce 
Toro (the Bull-fish). 
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The carapace is three-ridged, with a flat spine on each ventral ridge. The ventral 
spine is vertically beneath the base of the dorsal fin ; the spine of the left side is as 
long as the eye. The carapace forms a continuous bridge across the back behind the 
dorsal fin. All parts except the pectoral, dorsal, and anal profusely covered with 
roundish-brown spots, the largest of which are one-half as long as the pupil. Dorsal, 
pectoral, and anal with several brown spots. Each hexagonal plate bears fh>m four to 
seven brown spots. 

5. OstracioD qnadricome L. 

A single specimen, catalogue No. 37138, measuring 10 inches in length, was seine<l 
January 29, at the southern end of the island. 

The carapace is three-ridged, with a flat spine on each ventral ridge under dorsal 
base. A pair of supraorbital spines pointing straight forward, projecting from the 
forehead a distance about equal to one-half diameter of eye. 

6. Ostracion trigonom L. 

Two specimens were seined January 29 at the south end of Gozumel. One of 
these, catalogue No. 37116, is 6^ inches long and the other. No. 37140^ measures 13^^ 
inches. 

The carapace is three-ridged, with a spine on each ventral ridge* 

7. Monaoantlms hiBpidns (L.). 

Three specimens, catalogue No. 37071, were obtained January 29 in the seine. 
One of these, about 3 inches long, has D. 33; A. 33. 

8. Balistes ▼etola L. 

This species was caught occasionally with a hook. Example Na 37139 was so 
taken by Mr. Schroeder, and another one was captured in the same way by Mr. Baker. 
The fish could be seen in large numbers around the steamer, but they generally 
refused the bait, unless it became detached from the hook. Floating fragments of 
vegetables and meat were eagerly followed by the Balistes j whose brilliant colors flash- 
ing at the surface made it a conspicuous and attractive object. A small purse seine 
might be used successfully in the capture of this species and the large scaroids with 
similar feeding-habits. 

9. Siphostoma maokayi Swain &, Meek. 

One male and one female of this species were seined along shore. The catalogue 
No. is 37122. The female is ISO, and the male 151 millimeters long. The marsupium 
of the male contains eggs in two somewhat imperfect series on each side. The dorsal 
covers 2 + 5 rings, and contains 30 rays. The number of body rings is 17; caudal 
rings 35. The opercle is not keeled. The greatest depth of the female equals the 
width of 3 J body rings; while in the male the depth equals the width of 2J body 
rings. The snout of the female is 17 millimeters long and its head 29. 

The species was originally found by Professor Jordan at Key West, and is de- 
scribed in Proceedings U. S. National Museum. Vol. vii, page 239. 

10. Maltha vespertilio var. longirostxis C. & V. 

A single 8i)ecimen, No. 37123, was caught in the seine. It is 206 millimeters long. 
The length of the snout is 26 millimeters, or nearly one-sixth of the total length with- 
out the caudal. The lips and the outer third of the i)ectora], anal, and caudal are very 
dark. The length of the supraoral ca\ity equals twice its width. The anal rays are 
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one and two-thirds times as long as the dorsal rays. The general color in spirits is 
light gray. 

11. Platophrys lunatas (L.). 

One specimen^ catalogue No. 37074, is 105 millimeters long; it was seined Janu- 
ary 29. D. 93; A. 76; tubes in lateral line, 82; scales 93. Many of the blue spots 
are larger than the eye. Three dark blotches along the lateral line, the middle one 
darkest, the third almost obsolete. 

12. Gtobiiia soporator C. & Y. 

Seven examples were caught with a dip-net in tide-pools; their agility both in and 
out of water is astonishing. We had great difficulty in keeping this species unless 
we killed the fish at once in alcohol. 

13. Scorpsena plumieri Bloch. 

One young example, catalogue No. 37103, was seined January 27. D. XI, 1, 10; 
A. Ill, 5; tubes in 1. lat. 26. 

14. SocUHB ouzamilsB, new species. (PI. 21), fig. 4.) 

The type of the present species, catalogue No. 37128, was taken in a gill-net at 
Cozumel, on the 28th of January, 1885. It is 330 millimeters long to the end of the 
middle caudal rays ; 294 to the end of the lateral line. 

The species is evidently related to Scarus superhus and Scams (wutus of Poey. I 
have compared it with a specimen of Scarus superbtis which was sent to the National 
Museum by Professor Poey. In this species the external caudal rays are produced 
more than twice as much as in the species about to be described. The coloration,' 
also, is very different, the under surface of the head of my species being uniform 
whitish. Scarus a^cutus is said to have a broad, whitish band from the base of the 
pectoral to the caudal. The snout of acutus has two deep blue bands and there are 
two bands of carmine on the chin. Poey makes no reference to lateral canines in the 
upper jaw. The coloration and dentition of the Cozumel species are so different from 
Poey's description that I can not identify the species with S. aoutus. 

The body is somewhat fusiform in shape. The jaws are whitish at the margin 
and olivaceous over the rest of their surface. There are three canines directed out- 
ward and slightly backward on the lower posterior edge of the upper Jaw. The upper 
lip covers rather less than one-half of the surface of the upper jaw. The snout is 
attenuated. There is a considerable depression above the nostrils. The distance 
from tip of the upper jaw to the iris, measured obliquely, equals one- third of the 
length of the entire dorsal base and nearly one-half the length of the head. The 
length of the eye is contained vseveu and one-half times in the total length of the 
head; it is situated rather less than one of its diameters from the upper profile of the 
head and nearly three of its diameters from the lower profile. There are four rows of 
scales on the cheeks besides a row of scales upon the suboperculum and interopercu- 
lum. The lower series on the cheek contains five scales and the other series contain 
from six to seven. There are seven series of scales on the median line of the back 
before the dorsal. 

The greatest height of the bo<ly is contained about three and one third times in 
the length to end of scales ; it is not equal to the length of the head. The lea^t height 
of the tail equals the length of the postorbital part of the head, and is not quite one- 
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half the greatest height of the body. The origiu of the dorsal is about over that of 
the pectoral. The base of the dorsal is exactly twice as long as that of the anal. The 
dorsal spines are about equal in size, the fourth spine equals one-third the greatest 
height of the body, and is contained three times in the distance firom the tip of the 
upper lip to the origin of the dorsal. The length of the pectoral is about one-fifth of 
the total length to the end of the middle caudal rays. The ventral is a little more 
than one-half as long as the head. 

D. IX, 10; A. Ill, 95 P. 14; V. 1,5. Scales 2-25-7. The lateral line interrupted 
under the end of the soft dorsal, eighteen scales being pierced before the interruption. 

Colors of the alcoholic specimen : Spinous dorsal with a narrow, dark margin ; soft 
dorsal with a broad, dusky margin, the rest of the fin lighter. Anal light at base, a 
faint, dusky band covering about the outer two- thirds of the fin. Pectoral and ventral 
pale. Caudal, light at base, and with several broad, light areas, extending out on the 
rays, the major portion of the fin, however, is very dark. General color dusky oliva- 
ceous, many of the scales having a rosy blotch at the base. Operculum with a few 
irregular blotches of blue. Iris yellowish. Sclerotic very dark. 

The s))ecies is calle<l cuzamilw in allusion to the ancient name of the island from 
which it came. 

Scams aoutus Pocy. Poey, Mem., 11, 216,217. Common name Laro, 

The individual which I describe is 310 millimeters long. The tip of the muzzle is 
rounded, but the head is prolonged and attenuated towards its anterior extremity, the 
superior line of its profile being nearly straight, a little depressed above the nostrils; 
the curve of the throat, as far as the mandible, is, on the contrary, well pronounced. 
The cleft of the mouth is horizontal; the mandible is slightly included, and the teeth 
are naked, regularly arranged in quincunx order, on a smooth and polished surface; 
the cutting-edge has no inequalities. The nostrils have two orifices, very small and 
very close together, distant from the eye one of its diameters. The pores of the head 
are not numerous. The height of the body is contained three and one-half times in its 
total length ; it equals the length of the head, which contains the eye seven times ; the 
eye is situated in the middle of the length of the head at the first quarter of its height 
The fins are situated as usual; the unarticulated rays are not sharp ; their extremities 
bend to form fringes on the margin of the dorsal and the anal; the caudal is straight 
in the middle, but its angles are slightly produced. 

D. 9, 10; A. 2, 9; P. 15. The scales are large, much higher than long on the cheek; 
there are none on the head in front of the eye; there is a series supporting the base of 
the dorsal. The lateral line is interrupted; the scales which form it have only a longi- 
tudinal tube, which sends two branches upward. There are twenty-four scales from 
the shoulder to the caudal; they are not ciliated. 

The head is olivaceous above, violaceous on the sides, rosy below and on the 
throat. A small oblique space in front of the eyes is clearer without forming a broken 
band. There are two deep blue bands above the upper teeth and two of carmine 
under the lower teeth. The iris is reddish-brown. The back is violaceous, the belly 
also, but paler. A large whitish band traverses the sides from the base of the pecto- 
ral to the tail. The dorsal is obscurely violaceous ; the caudal deep reddish-brown ; 
the other fins are rosy. — 373. 

This translation of Poey's description is introduced here for comparison with the 
preceding species. 
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15. Boarus goaoamaia Cnvier. ** LoroJ^ 

A singfle specimen. No. 37126, was taken in a gill-net January 28, in the harbor 
lagoon ; this example is 14 inches long. The tbllowing color-notes were taken in the 
fresh condition : Scales bluish, with a brown margin. Sides of head, except cheeks, 
blue. A blue band around the snout; another across the snout in front of the eyes; 
between these two bands there is a brown one. A dark blotch above the eye. Teeth 
blue, with a white margin. Iris golden. Dorsal, anal, and ventrals with a narrow 
blue margiu. Most of dorsal, anal, and ventral dark brown. The pectoral is dark 
brown. 

16. Soarus croioensis Blooh. 

A single individual, catalogue No. 37052, was taken in seine January 24. It is 
3 inches long. 

17. Spariaoma oyanolene Jor. & Swain. 

Numerous specimens were obtained by seining on the 24th, 27th, and 29th of 
January. Catalogue Nos. 37058, 37091, and 37101. Length 2 to 3| inches. 

18. Sparlaoma flaveaoena (Bl. Schn.). 

Numerous examples, catalogue Nos. 37056 and 37100, were caught January 24 
and 27 in seine. Length 2 to 6^ inches. 

19. Spariaoma xyatrodon Jor. & Swain. 

Three specimens, catalogue No. 37073, were seined January 29. Length 2f to 3 
inches. 

20. Thalaaaoma nitidum (Gthr.). 

One specimen, seined January 29. D. VIII, 13; A. II, 11 ; scales 2-28-9. 

21. Platygloaaua bivittatua (Blooh). 

A single individual, catalogue No. 37109, was caught in the seine January 29. 
Length 3 inches. D. IX, 11; A. Ill, 12. 

22. Xyrichthya ventraUa, n. s. (PI. 29, fig. 1.) 

The type of the present species is No. 37077 of the National Museum Catalogue. 
It was the only authentic example secured. The species belongs to the subgenus 
Noracula of Bleeker. It has some points of resemblance to Xyrichthya modestus Poey, 
but ditTors from this species in form, in the structure of the spinous dorsal, the shape 
of the caudal, and in the size and location of the eye. 

The body is compressed and of moderate height. The upper profile of the head 
does not form a very sharp edge. The profile descends in a very regular curve from 
the bi^ginning of the dorsal to the tip of the snout. The snout is comparatively short 
and blunt and the preorbital is low, its width at the angle of the mouth equaling the 
length of the eye. Tlie maxillary scarcely reaches the vertical from the front of the 
orbit and equals two-sevenths of the length of the head. There are two strong canines 
in the front of each jaw, those of the mandible being received within the maxillary 
canines. Both sets of canines have a lateral and backward curve. No posterior 
canines. 

Tlie eye is distant from the upi>er profile only about one-third of its diameter, 
which is containeil one and one-half times in its distance from the tip of the snout, 
and four and one-half times in the length of the head to the end of the oin^reular liap. 
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There are a few faint radiments of scales behind and below the orbit. The interor- 
bital width equals the short diameter of the eye. The distance from the snoat to the 
eye is one-third of the length of the head. 

The length of the head is contained three and two-thirds times in the total length 
to caudal base. The greatest height of the body, a little behind the origin of the ven- 
tral, is contained three and one-half times in the standard length. 

The first two dorsal spines are flexible, slenderer and longer than the others ; still 
they are not evidently differentiated from the rest of the flu, as in X. rosipes and some 
other species. The length of the first spine is almost one-half that of the head. The 
second spine is slightly shorter than the first. The third spine is one-third as long as 
the head. The ninth spine is slightly longer than the third. The first soft ray is 
three-sevenths as long as the head, while the last ray is one and two-thirds times as 
long as the first spine, its length being about one-fifth of the total without caudal. 

The anal spines are moderately strong. The first spine is about two-thirds as long 
as the eye. The third spine is as long as the third spine of the dorsal^ and nearly one 
and one-half times as long as the eye. The last anal ray is one-half as long as the 
head. 

The caudal is slightly rounded. Its middle rays, from the end of the scales, are 
contained six times in the total to caudal base. 

The ventral spine is one fourth as long as the head. The first ray is produced, 
extending, when laid backward, to the base of the fourth anal ray. The length of the 
ventral is one-third of the total with caudal. 

The pectoral is as long as the head without the snout. 

D. IX, 12; A. Ill, 12; V. I, 5; P. 11; scales 2-26-8. The lateral line pierces 
twenty scales before the interruption, which occurs under the tenth ray of the dorsal. 

In spirits the general color is purplish-gray. There is a broad streak of solferino 
in the middle of the sides, beginning near the head and extending back to above the 
middle of the anal fin. The width of this stripe is uncertain now, but it was probably 
twice that of the eye. The iris is solferino with the exception of a narrow light circle 
around the pupil. Several narrow stripes a little darker than the body color extend 
from the eye over the preorbital and cheeks, a similar stripe running almost vertically 
on the operculum. The dorsal is mottled with dusky. The other fins are pearly, 
except the caudaU which is slightly dark with a light margin, and the anal, which 
shows some faint mottlings in alcohol. 

I refer, with some doubt, another young specimen of a Xyrichthys to the foregoing 
species. It is only 57 millimeters long. The first two dorsal spines are flexible and 
the others stiff. The ventral scarcely reaches to the anal origin. Across the top of 
the head and back are nine or ten light blotches, some of these being continued down 
the sides, forming about six indistinct bands. 

23. Xyrichthys infirmus, n. 8. (PI. 29, fig. 2.) 

There are four specimens of the present species, catalogue No. 37076. The length 
of the types is from 107 to 123 millimeters. This species also belongs to the subgenus 
Novacula of Bleeker, and is remarkable- in having all of the dorsal spines flexible. The 
shape of the body is similar to that of X. ventralisj but the descent of the profile is 
more abrupt ; the species in this respect bears more resemblance to A'^. psittacuH. The 
upper profile of the head does not form a very sharp edge. The snout is comparatively 
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short and blaat, but the preorbital is very much higher than in X. ventraliSj the 
shortest distance from the angle of the mouth to the eye equaling nearly twice the 
length of the eye. The maxillary does not reach to the vertical from the front of the 
orbit; its length equals one-fourth that of the head. The canines are as in X. ven- 
tralis. No posterior canines. 

The eye is distant from the upper profile nearly one-half of its own diameter, 
which is contained about six times in the length of the head and more than twice in 
the distance of the eye from the tip of the snout. The iuterorbital width equals the 
length of the eye. 

There are a few scales below the orbit. The distance from the snout to the eye is 
two-fifths of the length of the head. 

The length of the head is contained about three and one-half times in the total 
length to caudal base. The greatest height of the body, which is about at the origin 
of the ventral, equals the length of the head. 

All of the dorsal spines are flexible, and of about equal length. The third spine is 
one- third as long as th3 head. The last soft ray is very slightly produced, and is 
about two-fifths as long as the head. 

The anal spines are very weak. The third spine is about two-sevenths as long as 
the head. The last anal ray is a little more than one-third as long as the head. 

The caudal is usually nearly truncate; in some specimens the middle rays are 
very slightly longer than the external rays. The middle rays, from the end of the 
scales, are one-seventh of the total length to base of caudal. 

The ventral spine is slender and weak, and about twice as long as the eye. The 
first ray reaches about to the vent when extended. The fin is about two-thirds as long 
as the head, and one-fifth of the total length without caudal. 

The pectoral is nearly as long as the ventral. 

D. IX, 12; A. Ill, 12; V. I, 5; P. 11; scales 2-27-11. The lateral line pierces 
twenty scales before the interruption, the twentieth pierced scale being under the 
tenth ray of the dorsal. The scales of the breast and abdomen are much smaller than 
any of the others. The posterior angle of most of the scales is acutely produced. 

The color in spirits is light olive gray, the dorsal and anal fins being darker except 
along their basal portions. The axil of the pectoral is very dark and the dark blotch 
is sometimes bordered behind by several bluish streaks on the scales. Three narrow 
bluish stripes extend from the eye over the preorbital and cheek, and the interopercu- 
lum has six or seven short, nearly vertical, lines of bluish. Iris solferino. The dark 
color of the dorsal is more pronounced on the spinous portion. 

24. Xyrichthys venustus Poey. 

Xyriohthys linealuSy C. & V., Hist. Nat. Poiss., xiv^ 1839, p. 50; not Coryphcena lineata Qmelin, 
Linu^, Syst. Nat., p. 1195. 

The species to which I refer under the above name is perhaps the best known 
upon our coasts. It has a large pearl-colored blotch in the pectoral region connected 
with its fellow of the opposite side by numerous narrow bands extending around the 
belly. It may be identical with X. psittacus, but I am disposed for the present to con- 
sider it a distinct species and present herewith a complete description. 

The collection made at Oozumel contains sixteen specimens, catalogue No. 37075, 
these ranging from 92 to 105 millimeters in length. All these examples have the 
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pearly blotches aad the connectiDg lines well developed. The dorsal spines of these 
specimens are flexible and the species bears a close resemblance to X. infirmus^ bat 
the coloration is quite different and the caudal is more nearly truncate in X. venustus 
than in X. infirmus. Other points of distinction will appear as we proceed with the 
description. 

The descent of the profile of the head is not abrupt, and the edge of the profile 
does not form a very sbarp edge. The snout is short; the preorbital is rather low, the 
shortest distance from the angle of the mouth to the eye scarcely exceeding the length 
of the eye. The maxillary does not reach to the vertical from the front of the orbit; 
its length equals one-fourth the length of the head to the end of the opercular flap. 

The canines are weak. No posterior canines. The eye is distant from the upper 
profile nearly one-half of its own diameter, which is contained five times in the length 
of the head and nearly twice in the distance of the eye from the tip of the snout. 
The interorbital width is about equal to the length of the eye. In some examples 
there are several scales below the orbit. The distance from the snout to the eye is 
contained about two and two-thirds times in the length of the head. 

The length of the head is contained nearly four times in the total length to caudal 
base. The greatest height of the body, which is a little behind the ventrals, exceeds 
the length of the head and is contained about three and one-half times in the total 
without caudal. 

All of the dorsal spines are flexible, and of nearly equal length ; the third spine 
is a little more than one-third as loug as the head. The last soft ray is scarcely pro- 
duced; its length equals less than two-fifths the length of the head. The anal spines 
are very feeble; the third spine is less than ouefourth as loug as the head. The last 
anal ray is contained nearly three and one-half times in the length of the head. 

The caudal is usually truncate or very slightly rounded. The middle rays from 
the end of the scales are contained about seven and one-third times in the total to 
caudal base. 

The ventral spine is slender and weak, and about twice as long as the eye. The 
longest ventral ray does not quite reach to the vent when extended ; it is about two- 
thirds as loug as the head. The length of the ventral is contained five and one-third 
times in the total without caudal. The pectoral is about as long as the ventral. 

D. IX, 12; A. Ill, 12; V. I, 5; P. II ; scales 2-27-11. The lateral line pierces 
twenty scales before the interruption, the twentieth pierced se-ale being under the tenth 
ray of the second dorsal. The scales of the breast and abdomen are somewhat smaller 
than those of the rest of the body. The posterior angle of some of the scales on the 
hinder portion of the body is somewhat acute. 

The color in spirits is as follows : The ground color of most of the examples is 
olive- gray , sometimes with a fain t orange 1 iuge. The spinous dorsal is somewhat dusky ; 
otherwise the fins are usually pale. A pearly blotch on the side behind the pectoral, 
and about as long as the pectoral, connected with its fellow of the opposite side by 
numerous, sometimes about seventeen, narrow whitish bands. A conspicuous dark 
blotch covering most of the operculum and suboperculum in marked contrast with 
milky-white marking in front of the head, the one behind the head occupying the 
whole of the opercular flap. There are at present no traces of bluish lines upon the 
bead. Iris dusky. 
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I am Romewhat in doubt concerning the relationship of this species to X. infirmus^ 
which it resembles in many respects, bat the coloration is always different^ and there 
are other points of distinction which may be observed in the descriptions of the two. 
There is no doubt that this is the species which we have long known as Xyrichthys 
lineatus G. & Y., but, as Poey has noticed, it is probably not the same as Coryphcena 
lineata of Gmeliu. 

Xyrichthys psittacus (L.). 

The only large example of this species available for comparison with the type of 
X. vermiculatus Poey is No. 31915 of the Museum catalogue. It was taken by Silas 
Stearns at Pensacola, Fla. The length of the example is 207 millimeters. The shape 
of the body is similar to that of X. vermiculatus^ and the profile of the head is aboat the 
same. The width of the preorbital at the angle of the mouth is nearly one-half the 
length of the head and contains the length of the eye only about two and one-third 
times. The eye in X. psittacus^ if we may depend upon the material at hand, is always 
larger than in X. venniculatus. The maxillary scarcely reaches the vertical from the 
front of the eye, its length is about two-sevenths of the greatest length of the head 
measured somewhat obliquely over the tip of the snout to the tip of the opercular flap. 

The canines show nothing different from those of the species already mentioned. 
There are no posterior canines. 

The eye is distant from the upper profile of the head about one-half of its own 
diameter, which is contained less than five times in the length of the head, even less 
than five times in the greatest length of the head from the tip of the snout to the tip of 
the opercular flap. 

Scales below the orbit in two series, the lower series containing two scales. The 
interorbital width equals the short diameter of the eye. The distance from the snout 
to the eye is one-sixth of the total length to caudal base, and about three-fifths of the 
greatest length of the head. 

The length of the head, measured on the axis of the body, is contained three and 
two-thirds in the total without caudal. 

The greatest height of the body at or a little behind the ventral origin equals one- 
third of the total length without caudal. 

The first two dorsal spines are flexible. The length of the first is less than one- third 
of the length of the head. Length of the ninth spine is more than a third of the length 
of the head. Length of the first soft ray is more than two-fifths of the length of the 
head, and the last ray is more than one-half the length of the head and equals the 
least height of the caudal peduncle. 

The anal spinea are short and rather blunt, the third being scarcely longer than 
the eye. The first soft ray is about three-sevenths as long as the head, and the last 
ray is equal to the Last ray of the dorsal. The caudal is very slightly rounded ; its 
middle rays from the end of the scales is contained five and two-thirds times in the 
total to caudal base. 

The ventral spine is one-fourth as long as the head, the first ray reaches to the 
vent. The length of the fin is contained five and two-thirds times in the total length 
without caudal. 

The pectoral is contained about four and three fourths times in the total length 
without caudal. 
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D. IX, 12]. A. Ill, 12; scales 2-10-27. The lateral line pierces nineteen scales, 
the nineteenth scale being under the interspace between the eighth and ninth ray of 
the dorsal. 

In spirits the general color is light yellowish -brown, most pronounced on the 
cheek. The well-defined bluish lines which are usually so noticeable in X. vermiculattis 
are replaced in this example by numerous irregular and crooked very narrow brownish 
streaks. The dorsal fin at present is uniform pale in color, without mottlings of any 
kind. The anal is pale, except along its margin, which has numerous very narrow 
dark streaks nearly at right angles with the direction of the rays, besides some vague 
pearly mottlings. The caudal has seven or eight very narrow dark bands. 

It is proper to state that another example, which should probably be referred to 
X. psittcLcttSj catalogue No. 29972, 200 millimeters in leugth, taken at Charleston, 
S. C, by Mr. 0. 0. Leslie, is intermediate between the Pensacola example and Poey's 
type of X. vermiculatm. The length of the eye in this example is contained nearly 
three times in the least height of the preorbital, and there is only one series of scales 
below the orbit. The lateral line also pierces scales to the twentieth, and is under 
the tenth ray of the dorsal. 

25. PomacentruB leucostictuB MUll. <& Trosch. 

Three specimens, catalogue No. 37061, were taken in a tide-pool January 28. 
Length 1 to 2| inches. 

26. Glyphidodon sazatilia (L.). 

Numerous individuals, catalogue Nos. 370G3, 37069, and 37084 were obtained by 
seining. 

27. Gkerres harengulos (Goode & Bean). 

37067. ( 2 specimens.) January 24, 1835. Seine. 

37068. (10 specimens.) January 29, 1885. Seine. 
37085. ( 5 specimens.) January 27, 1885. Seine. 

The smallest of the above examples is If inches long, and the largest 6 inches. 
The species is abundant, aud wa« found wherever we hauled the seine. 

I have compared harengulus with gracilis of the Pacific coast, and can not at pres- 
ent believe that the two are identical. 

28. Gkerres lefroyl Goode. 

This species was found only at San Miguel, January 24. Two individuals. No. 
37066, were seined. These are 6 inches and 7f inches long, respectively. 

29. Gkerres zebra MiiU. & Trosch. 

Only two specimens of O. zebra were obtained. The larger one, No. 37131, was 
seined January 27, near the harbor lagoon. It is 11^ inches long. The other. No. 
37118, was caught with a hook, in the same lagoon, January 28. It is 8 inches long. 
Both of these examples still show the dark bands, seven or eight in number, on the 
sides. 

30. Pomacanthos aureus (Bloch). 

One very young individual, catalogue No. 37064, one-half inch long, was taken 
in a tide-pool January 28. 
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31. Teuthis hepatus (L.)* 

A single individual, measaring 5^^ inches, catalogue No. 37120, was seined Jan- 
uary 29. 

32. Chsetodon striatns L. 

A single specimen of this beautiful species, measuring IJ inches, catalogue No. 
37062, was taken in a tide-pool January 28. 

33. Trachurops cnimenophthalmus (Bloch). 

A small number of this species, catalogue No. 37081, was seined on the 24th of 
January. These varied in length from 9 to lOJ inches. 

34. Caranx ruber (Bloch). 

Numerous young specimens, catalogue Nos. 37107 and 37108, were seined on the 
27th and 29th of January. D. — , 1, 28 5 A. 1, 22; scutes 29. 

35. TrachynotuB glaucus (Bloch). 

A single example, 12 inches long, was taken in the seine, January 27; near the 
harbor lagoon. This specimen has four evident bands on the sides and a faint trace 
of a fifth. D. VI, I, 20; A. II, I, 16; P. 16. 

The height of the body is one-half of the length to the end of the scales. The 
least height of the caudal peduncle equals the distance from the tip of the snout 
to the middle of the eye, and is slightly more than one-third of the length of the 
head. The length of the maxilla is contained two and two-thirds times in the length 
of the head, and eleven times in the distance from the snout to the end of the middle 
caudal rays. The eye is about three-elevenths as long as the head. The anterior rays 
of the dorsal and anal reach somewhat beyond the middle of the caudal. 

36. Trach3niotus goreensis C. Sz, V. 

Three young individuals, No. 37102, were seined, January 27, near the harbor 
lagoon. The smallest is If inches and the largest 3f inches long. D. VI, 1, 19 ; A. II, 
1,17. 

37. Pempheris miilleri Poey. (PI. 29, fig. 3.) 

Numerous examples taken in seine January 27, catalogue No. 37111. These varied 
in length from 1 to If inches. D. V, 8-9 ; A. Ill, 31 ; V. 1, 5 ; scales 52. 

38. Hypeneusmaculatus (Bloch). 

A single specimen, catalogue No. 37104, was seined January 27. Length 4^ inches. 
D. VIII, 1, 8 ; A. I, 6 ; scales 2-30-5. 

39. Ocyurus chrysurus (Bloch). 

Four specimens were caught January 22 with hooks from the vessel ; only one of 
these, No. 37113, was preserved. This species is excellent for food. In our seining at 
Cozumel we found no young examples, but at Key West, earlier in the same month, 
they were very common. 

40. Haemulon arcuatum C. & V. 

Eight specimens, catalogue No. 37088, were seined January 27. They varied in 
length from 5 to 6 inches, and some of them were infested with an ^Ega-like parasite. 
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41. HaBmulon flavolineatum (Desm.). 

Large numbers, catalogue Nos. 37086, 37087, were seined on the 27th and 29th of 
January. These vary in length from 2^ to 4^ inches. 

42. HaBznulon melanunun (L.). 

A large number of this species, catalogue No. 37078, was seined on the 29th of 
January. The largest specimen measures 7 inches and the smallest about 4} inches. 

43. HaBmulon sciurus (Shaw). 

One example taken in the seine January 27 ; catalogue No. 37089. Length of 
specimen 5J inches. 

44. Lutjanus cajds (Bl. Sohn.). 

Young individuals, No. 37119, measuring 2)^ to 2f inches in length, were seined, 
January 29, at the south end of the island. One specimen, 3^ inches long, No. 37060, 
was caught in a tide-pool, January 28, in company with Oobius soporator^ Pomacentrus 
leucostictus, Olyphidodon sdxatilis^ Pomacanthus aureus^ and Ghcetodon striatua. All of 
these young examples of L. caxis have whitish bars on the sides. 

45. LntjanuB griseus (L.;. 

Lutjanua griseus, Jordan & Swain, Proc. Nat. Mas., 1884, 431, 439. 

This species was taken in the seine, January 27. The specimens preserved are 
No. 37129. L. griseus was much less common than the other ^pecies, cdxis and syna- 
gris. The young were not seen; our examples vary from 14 to 16 inches in length. 

46. Lu^anus synagris (L.). 

Specimens were taken in the seine, January 27, near the harbor lagoon; these, 
No. 37083, range from 4 inches to 6J inches in length. Others were obtained by sein- 
ing, January 29, at the south end of Gozumel; these. No. 37070, were also small, one 
of them being only 2^ inches long. 

47. CentropomuB undecimaUs (Bloch). 

A large example, 23 inches long. No. 37137, was seined, January 27, near the deep 
lagoon which serves as a harbor for small vessels. The species was not seen by us at 
any other time around the island. 

D. VIII, 1, 10; A. Ill, 6; 'scales, 70, to the end of the black portion of the lateral 
line. 

48. Sphyrsena picuda Bl. Schn. 

On the 24th of January we took several individuals. No. 37135, in the seine at San 
Miguel. On the 29th of the same month the species was seined again at the south end 
of the island, and one specimen, No. 37134, was kept. S.picuda is very abundant here 
and very destructive to weaker tishes. In company with Tylosurus caribbceus and T. 
notattis it scourges the shoals of Harengula and StolephoruSj driving the panic-stricken 
masses upon the shoals, where the gluttonous pelicans continue the rush of devastation. 

As already mentioned, this species of barracuda is a fair food-fish. 

49. Atherina arsa Jor. &. Gilb. 

Catalogue Nos. 37094 and 37097. Very plentiful, caught in the seine January 29. 
Length, 2^ to 2$ inches. D. YI, 1, 10 ; A. 1, 12; scales, 42. 
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50. Atherina velieana Goode & Bean. 

Eight individuals, catalogue No. 37054, were taken in the seine January 24. 
These measure from 1-^ to 2f inches in length. D. V, 1, 10; A. 1, 13 ; scales, 38. 

51. Atherina stipes Mtill. & Troaoh. 

Many specimens, catalogue Nos. 37059, 37096, 37098, 37099, and 37112, were 
caught in the seine on January 24 and 29. Length, 2^ to 2f inches. D. V, 1, 11 ; A. I, 
13; 1. lat. 39; trans v. 6. 

52. Tylosiirus notatus (Poey). 

N|imerou8 examples, catalogue No. 37093, were seined January 29. 

53. Tylosurus caribbsdus (LeS.)* 

A single specimen, catalogue No. 37124, was obtained by seining January 29. 
This was 11 inches long. 

54. Albula vulpes (L.). 

The lady-fish was not uncommon at Gozumel. No very young specimens were 
taken, the smallest being 6^ inches long. Our specimens. No. 37132, were seined Jan- 
uary 27, near the harbor lagoon and Nos. 37121 and ^7133 were obtained in the seine 
January 29 at the south end of the island. 

55. Harengula B€u:dina (Poey). 

Numerous examples, catalogue Nos. 37079, 37092, and 37115, were seined on the 
24th, 27th, and 29th of January. These varied in length from 2^ to 6^ inches. 

56. Harengula pensacoISB Goode & Bean. 

Five specimens, catalogue Nos. 37080 and 37114, were caught in the seine January 
24 and 27. 

57. Stolephonis mitchiUi (C. <& V.). 

A large number of this species, catalogue Nos. 37053 and 37105, were seined 
January 24 and 27. Length, 3^ to 3^ inches. D. I, 11; A. I, 25; scales, 39. 

58. Dussumieria stolifera Jor. &. Gilb. 

Abundant. Catalogue Nos. 37055 and 37106. A large number of these were 
seined January 24 and 29. Length, 1 to 2 inches. 

59. Narcine brasiliensis (Olfers). 

A single specimen, catalogue No. 37125, was seined January 29. 

60. Carcharias coBruleus DeKay. 

One example, No. 37141, was taken with a hook baited with salt mackerel. The 
species was abundant on the north side of the island at our first anchorage and soon 
destroyed the fishing for Ocyurus and Hcemulon. During all of our efforts with hooks 
from the steamer while we were lying off San Miguel no species of shark was captured 



5.-THE MOST RECENT METHODS OF HATCHING FISH EGGS. 



BY WILLIAM F. PAGE. 



The purpose of this article is to attempt to establish a proper basis for the work of 
hatching fish eggs. The writer believes that a larger measure of success can be 
achieved by the use of the McDonald universal automatic hatching jar for developing 
not only semi-buoyant but heavy fish eggs. The results of my experience and obser- 
vation during the past seven years are herein embodied. 

At the Central Station of the U. S. Fish Commission and at other hatcheries the 
following species of fish eggs have been successfully hatched in this apparatus : Shad, 
Whitish, Brook trout, California trout, Bangeley trout, Lake trout, Atlaotio salmon, 
California salmon, and Laud-locked salmon. 

THE WATER. 

So much has been written on the subject of water, the kinds best adapted co 
the purpose, and the kinds that can be made to answer; the highest and lowest tem-. 
l>eratureH allowable; the absolute clearness desirable; and the best means of aerat- 
ing, filtrating, etc., that a delicacy is felt in entering on this branch of the subject. 
Undoubtedly temperature has an important bearing upon fish-culture. Nature's laws 
of hesit and cold when rudely violated will work injury to fish as well as man. 

It is unquestionable that clear water offers many advantages; the condition of the 
eggs and fry can l>e better ascertained, and the labor of removing the sediment is 
obviated. Ordinary river-water, such as is furnished for household purposes in most 
of the larger cities on the Atlantic slope, is capable of doing excellent hatching work 
for nearly all the kinds of fish spawning in fresh water, though scarcely any of it 
south of Maine is capable of rearing any of the species of Salmonidae. No better water 
for hatching can be found than that in the cities bordering on the Great Lakes. It 
may be stated, as a general rule, that water suitable for drinking puri)Oses is avail 
able for hatching fish. Though the water be very muddy, filtration is not absolutely 
necessary for hatching, and any one who has been compelled to work with the " wire 
screens for coarse trash," " bagging for small trash," and "flannel trays for fine mud,'' 
can testify how arduous and totally unavailing such efforts have been. Filters for 
hatching are not the necessity now that they once were, because the hatching 
apparatus is changed. In the autumn of 1888, while at the centennial exposition of 
the Ohio Valley and Central States, held in Cincinnati, Ohio, I had charge of the 
hatching of 45,000 California .salmon eggs. At the time of their arrival the tempera- 
ture of the water was 78° Fahr. and it was quite muddy even for Ohio River water. 

207 
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These eggn were batched m two McDoDold jars with grati^ing sacoess. I would not 
be aqderstood as advocating moddj water in preference to that natoraDy dear, bat 
to prove that clear water is not abeolntelj necessary to saccessfidly hatch the eggs of 
fishes spawning in fresh water. 

The prime requisite is an anfoiling water supply of a pressure as nearly constant 
as is attainable. For hatching semi-buoyant eggs the pressure should not be less 
than 6 pounds per square inch at the point where the water is to be drawn from the 
pipe ; a variation of 2 pounds will not materially affect the results, as it can, to a large 
measure, be corrected by raising or lowering the central tube of the jar. For eggs 
of the Salmonidad less pressure will answer ; three or even two pounds per square 
inch can be used. If the water is taken from a spring, race, or other abundant or 
cheap source, and carried into a supply tank by means of a flume, the tank may be 
kept always full and an overflow maintained, (Plate 30.) 

When the water is taken from the main of a city water-works it should be dis- 
charged into an open tank through a ball-cock, which, working automatically, will pre- 
serve a nearly uniform level or pressure. (Plate 31.) The bottom of the tank for 
semi-buoyaDt eggs should be not less than 6 feet above the top of the hatching-table. 
The water is taken by iron pipes from the bottom of the tank and distributed to the 
hatching-tables. (Plate 32.) 

A point especially to be guarded against is the presence of bubbles of air in the 
pipe. If the regulating tank is of sufficient dimensions the bubbles coming in with 
the supply will rise and escape from the surface. But if the level of the water is 
allowed to get low in the tank the water will drag air down with it into the supply pipe. 
To guard against the possibility of this I have devised the following apparatus : A 
float is placed in the tank from which a line, passing over pulleys, extends down into 
the hatching- room. On the lower end of the line is a weighted rod, carrying a metallic 
index sliding in a groove; to either side of the groove are affixed contact points of an 
electric circuit. Two contacts are placed where the index would mark 8 inches, which 
amount is regarded as extreme low water in the tank. If desirable, other contacts 
may bo arranged to indicate high water. As the metal index passes up and down, 
consequent upon the fluctuation of the water in the tank, it meets a contact, closes 
the electric circuit and thereby rings a vibrating alarm bell. (Plate 33.) This bell 
can bo placed at any convenient point. As the greatest degree of fluctuation of 
pressure occurs in city water mains during the night, it has been found desirable, in 
hatcheries where no night watchman is maintained, to run an auxiliary alarm to the 
sleeping quarters. The ringing of the alarm bell calls attention to the fact that more 
or loss water is needed, which can be easily remedied if a proper system of valves has 

been provided. 

The (luantity of water necessary for batching a given number of eggs must neces- 
sarily vary, not only with the supporting quality of the water, that is the relative 
amount of oxygon it containw, but to a considerable extent it depends upon its muddi- 
ness. In batching semi-buoyant eg^^s it will be found necessary to employ considerably 
more water if it be very muddy ; a part to support the eggs and an additional quantity 
to wash away the mud. Allowing for air vents and other wastes it will be safe to esti- 
mate for 7,0()0 gallons of water each twenty-four hours for every million eggs of shad, 
and 4,000 gallons per twenty-four hours for each million whiteflsh egg». Thirty gal- 
lons an hour through one jar will easily hatch 25,000 eggs of any of the Salmonidae. 
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DESCRIPTION OP THE UcDONALD UNIVERSAL HATCHINQ-JAR. 

The jur consists easentially of a c;IiDdricaI glass vessel with bemispberical bot- 
tom. These are not blown, but pressed, in order to secure regalarity of the interior 
anrtace, upon which depends to some extent the perfect working of the jar. The jar 
is supported npon a tripod of three glass lags, which form of attachment was adopted 
to prevent the distortion of the bottom of the jar — a defect frequently found in jars 
resting npon a single foot. The top of the jar is made with threads to receive a screw 
cap, and both tbe bottom and top surfaces are ground so that the plane of each shall 
be at right angles to the axis of the jar, and so that when the jar is resting upon its 
feet its axis shall be perfectly vertical. These are all-important considerations to 
secure good results in hatohing eggs. 

The top of the jar is closed by a metallic disk, perforated with two holes five- 
eightbs of an inch in diameter ; one central, which admits the glass tube that intro- 
duces the water into the jar; the other, equally 
distant from the central hole and the edge of 
the metal plate, admits the glass tube which 
carries off the waste water. The central tube 
is connected by a half-inch rubber pipe with 
the jet cock which should furnish a supply of 
water under a constant head. A groove in the 
inner surface of the metallic plate carries a rub- 
ber collar, and whbn the plate is in plEice the 
tightening of the metallic screw cap seals the 
0|»ening hermetically. It will sometimes be 
found that a slight defect will cause a small 
leak even after the metal screw cap is down 
tight. This can nearly always be corrected by 
tbe employment of two rubber collars or wash- 
ers. Both the inlet and outlet tubes pass 
through stuflSng boxes provided with gum 
washers and binding screws. The central or 
feed tube is provided with stuffing boxes, one 
on top of the disk and one on tbe bottom, the 
bettor to hold it in a true center. The outlet 
tube is provided with only one staffing box, 
and moreover the binding ring is beveled, the 
purpose of which will be explained later. In ">■ '■ 

fitting the jar for work it will be found advantageons to fit in the aide tube first. The 
glass tubes should be wet, the gum washer slippe<l on the tube about 1 inch ftvm the 
end, and introduced into the opening; holding the tube }>erpendicular to the face of 
the plate, press fairly on the tube, and the washer, rolling on itself, will fall into tbe 
seat provided for it. Screw on the binding ring, and test by seeing that the tube 
slides fl-eely back and forth in the staffing bos. If not, it should be refitted with a 
heavier or lighter washer, as may be required. The glass tubes can not be procured 
of absolute uniformity in size, and tbe gnm washers, being baud made, also vary; 
therefore in order to secure a neat fit use large washers with small tubes and vice versa. 
Water is the only lubricant that should be used about the jar fitting. 
Bull. U. 8 P. C, 88—14 
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With a proper quantity of semi-baoyant eggs to tbe jar and the water tomed on 
and regulated, tbe movement of tbe current estabhshes a regular boiUog motion in 
the mass of eggs, which brings each in saccession to the surface. The intensity of 
tbe boiling motion may be regulated at will without altering the qaantity of water 
employed. By loosening the upper binding screw of the central staffing box and 
pushing the feed tube down until it almost comes in contact with the bottom of the 
jar, the motion of the eggs is increased. If tbe jar is working properly the dead eggs 
when brought to the surface do not go down to mix again with the live eggs, bat 
remain on top, forming a distinct layer.* By pushing down the outlet tube a suitable 
distance the dead eggs are lifted up by the escaping current and taken out, leaving a 
mass of clean, live eggs in tbe Jar. The beveled edge of the binding screw permits 
the swinging of the outlet tube over a large portion of the snrface of tbe eggs. By 
careful manipulation in this way it is possible to remove every dead egg without the 
loss of one live egg. 

Tbe hatching is done on tables arranged for tbe work. The dimensions and 
arrangement of the tables are capable of indefinite modification. Working drawings 
of the tables used at the Central Station of tbe tJ. S. Fish Oommissioo at Washington, 
D. C, are here given. (Plate 34.) 

Wbeu the period of hatching has arrived among the semi-buoyant eggs, instead 
of allowing tbe water from the hatching-jars to pass directly into the sink, it is necessary 
to conduct it into a receiving tank. 

In the shad and whiteflsh hatching at Central Station, large rectangular glass 
aqnariaere used as receiving tanks, mx or eigbt and sometimes ten jars discharging 
their fish into a common receiver. (Plate 35.) 

As receiving the fry of semi-buoyant eggs is practically the same with all forma of 
hatching apparatus, it will not be further described. The handling of the heavy eggs 
and their fry by this apparatus being entirely different from all others, it will be 
mentioned under a uep^rate paragraph. 

MANIPULATING THE JAR WITH SEMI-BUOYANT EQOS, 

The eggs are introduced into the jar by means of a shallow funnel (Fig. 2), as 

shown in the cut. The funnel is 
j made of tin and is provided with 
a rim of perforated tin or wire 
gauze. The jar, thoroughly clean, 
is filled with fresh water (never 
stale) and placed in a sink or pan 
to catch the overflow. The fun- 
nel is inserted in the jar so that 
tbe water will stand as high in 
tbe funnel throat an possible, and 
the eggs poured in from a pan or 
washed in from the transporta- 
tion trays by means of a jet of 
water. In this operation care 
mut<t be used to have the eggs fall 
bnt a short distance and drop into tbe water. On no account suffer any fish scales or other 
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foreign matter to enter the jar. The presence in the jar of anything but water and eggB 
renders a proi)er motion of the mass impossible, and generally results in the loss of a 
large proportion of the eggs. No absolutely definite law can be established as to the 
correct number of eggs for each jar, bex^ause the conditions are never the same in any 
two hatcheries, and vary from day to day in any particular hatchery. With shad eggs it 
will not generally be fouad advisable to put more than three quarts, or about 85,000 
eggs, in a jar. If the water is very clear, or temperature low, an additional pint of 
eggs can be safely added ; or if the eggs are known to be very bad the quantity can 
be increased to a gallon (about 115,000 eggs), provided the boiling motiou, at first, be 
very slow. After thirty minutes, the dead eggs being partially separated, may be 
drawn off and a faster motion given to the remaining live eggs. Whitefish eggs when 
first taken are somewhat glutinous, and, if not properly managed, liable to become 
^Mumpy" and require breaking up or separating. When the whitefish are new they 
should be worked quite rapidly under a full current. (This also applies to a limited 
extent to shad eggs.) Gare should be exercised at this point that the end of the inlet 
tube reaches nearly to the bottom of the jar for the double purpose, first, that the eggs 
may not be caught under the inlet and pounded on the bottom of the jar ; and, second, 
that the boiling motion may be increased without auy unnecessary waste of water. 
An experienced workman can easily tell when the eggs are entirely ^^free" and reduce 
the motion accordingly. I am aware that the fish-culturists of the lake region claim 
that it is absolutely necessary to have an open jar in which to hatch whitefish, to more 
conveniently ^< feather'' or separate the lumps; but actual practice has determined 
that the McDonald jar is capable of satisfactorily incubating whitefish eggs in all 
stages of hatching. When the whitefish eggs are hew, three quarts (about 108,000 
eggs) is a sufficient quantity for a jar. As they advance to the eye-spot period the 
quantity of eggs may be doubled, so that each jar will have between 4 and 5 quarts 
(from 145,000 to 180,000 eggs). This will not only leave fewer jars for attention, but 
economize water. 

The requisite number of eggs being in the jar, it is put in its proper position on the 
hatching-table and closed. Before closing, be sure that both the inlet and outlet tubes 
slide freely in their stuffing boxes, and that the rubber washer as well as the screw-cap 
is in its proper position. If the tubes should have become gummed so as not to 
slide freely, this can often be remedied by allowing water to trickle down around the 
binding screws. To close the jar, turn on the water, place the feed-tube in the jar, 
turning off the water immediately after the feed-tube has passed beneath the surface of 
the water in the jar. The object of this is to expel all the air from the feed-tube, else it 
would rise in bubbles, throwing a portion of the eggs out through the outlet-tube. 
After expelling the air from the feed-tube place the washer and metal plate in position 
and screw down the screwcap. When the water is turned on semi-buoyant eggs for 
the first time the action is often peculiar, and the jar should be watched closely until a 
regular motion has been established. When oggs from any cause have stood fifteen 
or twenty minutes in the jar before the wat^r is turned on, they do not readily yield 
themselves to the boiling motion, but seem to have become packed so that they tend 
to rise in a solid mass to the top of the jar. By quickly starting and stopping the cur- 
rent the mass is readily disintegrated. Ajar should never be left till the attendant 
is thoroughly satisfied that the regular boiling motion has been established. The 
degree or intensity of motion the egg should have will be found to vary not only with 
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the ^;e and conditioQ of the egg», bnt also with the conditioD of the wat«r. If the water 
is muddy, the motioa shoald be quite rapid, rapid enough, in fact, to prevent mud 
settling either od the eggs or In the bottom of the jar. Under ordinary conditions of 
clearness (and absence of glutinous coating) the best motion will be found to foe that 
which readily brings the dead eggs to the surface. After the hatching has progressed 
far enough to dispose of a portion of the eggs, there is, of course, less resistance to the 
current and it should be reduced by shutting o£f a part' of the supply or by slightly 
lifting the central tube. In fact the motion should be reduced somewhat when 
the hatching-out begins. If the motion is not reduced from time to time as the 
hatching-oat progresses it will be found that the sheila will be carried over into the 
receiving tank with the fish, and being very light, will be drawn against the outlet- 
screen, soon causing an overflow. The motion should be so gentle at the time of the 
greatest hatching as barely to induce the fish to swim out of the jar and leave their 
cast-off shells behind. Under the combined conditions of very healthy eggs, bathed in 
bright direct sunshine, the hatching is so rapid that the combined effort of the swarm- 
ing maciS of young fish will establish sufiScieut current to draw some shells over into the 
receiving tank. This can not be entirely prevented, bnt may be modified by placing a 
screen between the jar and the light. The shells under normal conditions remain and 
form a cloud-like layer above the mass of working eggs. As they accumulate in quao- 
tities they should be removed by shoving down the outlet- tube until they are drawn np 
with the escaping water. A good plan is to draw several jars 
in succession, catching the "draw-off" in a large pan, from 
whence any fish coming over with the shells may be ladled into 
the receiving tank. Towards the latter part of the incubatioo 
it will be noticed that a remnant of eggs will be very long in 
hatching. These eggs should be poured into a large pan and 
exposed to bright sunlight. The pan should be clean and 
bright. It is not recommended to put over 5,000 eggs in one 
3-gnl1on pan. After a lapse of five or ten minutes, depending 
upon tlie stage of the eggs and ioteuaity of the sunlight, the 
eggs will all be hatched out and the fish may be ladled into the 
receiving tank. 

Sometimes in the course of hatching it may be found 
necessary or convenient to break the connection between the 
rubber tube and the jet cock. The liandle of the jet cock may 
wear loosf, so that the current of water drags in bubbles of 
air, mud, trash, iron rust; or small fish will occasionally clog 
the jet cock, stopping off the 8up|(ly ; or it may be det^ired to 
move the jar to another part of the hatchery. Any of these 
conditions would necessitate breaking the connection between 
the feed-tube ami the jet cock, filling the former with air. 
When the connection is broken, be careful that the rubber 
tubing attached to the glass feed-tube does not drop down and 
tiiphon the eggs from the jar. In reconnecting it will be neces- 
sary to again expel the air from the feed-tube before turningon 
the water. To do this without unscrewing the jar top, draw 
the feed and outlet tnhon up high in the jar until the ends are 
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nearly to the metal plate (Fig. 3), turn on a full head of water, and the air in the feed- 
tube will pass in bubbles above the eggs, leaving the jar by the outlet-tube. The eggs 
will not be disturbed. After the air is all out, close off the supply, shove down the 
central tube to its proper position, and turn on the water again. 

A scafif-net, small enough to easily enter the month of the jar, fixed to a handle 
several inches longer than the height of the jar, will be found a convenient tool for 
removing particles of foreign matter that will occasionally, in spite of every precaution, 
find its way among the eggs. 

MANIPULATING THE JAR WITH HEAVY EGGS. 

Practically there is little difference in handling any of the varieties of salmon and 
trout eggSn so little that no difference will be recognized in treating of their manage- 
ment. Such small differences of treatment of the eggs and fry as may be necessary 
will readily suggest themselves to the veriest tyro, and it is safe to assume them known 
to the expert. The term ^^ heavy eggs " will be used as a general term to designate all 
species of salmon and trout eggs. 

When the eggs are received at the hatchery the first step is to ascertain their 
temperature. It is sni)po8e(i of course that the hatchery has a fairly accurate ther 
mometer. Remove the outer case and carefully introduce the thermometer into the 
egg package, allowing it to remain about twenty minutes, carefully withdraw it and 
observe the temperature. If there is a variation of more than four or five degrees 
between the temi>erature of the eggs and the water in which they are to be hatched, 
the package should be allowed to stand in the hatchery until the temperatures are 
equalized, or nearly so. If the packing material is frozen, frequent drenching with 
cold water, or even submerged in cold water 33o to 35°, is recommended. If the 
precaution is taken to gradually equalize the temperature, it will prevent the shock 
which would otherwise result to the eggs by a too sudden change of temperature. If 
the eggs are packed in shallow cotton or flannel bottom tmys, covered with mosquito- 
netting and moss, they are easily washed into a pan by a jet of water. Should they 
be packed in alternate layers of moss between netting, pick off the moss, take up 
the lower netting by the four corners, and pour the eggs into a pan of water. Any 
bits of moss or other foreign matter may be picked out with tweezers and the eggs 
thoroughly rinsed. The dead eggs are now picked out. This operation is one 
demanding some amount of skill. Dead eggs are white, but it is not safe to assume 
that every white egg is dead. In all cases give the egg the a<Ivantage of any doubt 
and remove none that are not known to be dead. If an egg be leally dead, a few 
hours more will definitely settle the question. 

The apparatus used in connection with the McDonald jar for picking over heavy 
eggs are a shallow square or oblong tin pan, filled nearly to the top with water, in 
which floats a tray with a wire cloth bottom, a pair of ordinary tweezers, a small scaff- 
net, and several feathers from a turkey's wing. The tray should be of some light wood, 
one inch less in length and breadth than the pan. A wire-cloth bottom of oblong mesh 
(one sixth of an inch by 1 inch) should be generally used for trout-hatching. Tweezers 
of wood are generally recommended above those of metal. The scaff-net is conveniently 
made by bending a piece of copper wire for the frame and twisting the ends to form a 
handle. A good size is 4 by 2^ inches. Over this frame sew a piece of mosquito netting. 
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With the 8caff-Det transfer a portion of the eggs from the pan to the floating tray. A 
slight sifting motion of the tray will canse any remaining trash to &11 through the 
meshes, and, at the same time, level oft' the eggs. The dead are picked ont with the 
tweezers and the living are put in a jar. By counting the number of trays or layers 
the i>roi)ortion of the entire lot can be ascertained for each tray or layer. Knowing this, 
it can approximately be determined what quantity each jar is to receive. With heavy 
6£»gs it is not advisable to fill the jar more than one-third full, though excellent results 
have been obtained with the jar three fourths filled with Atlantic salmon eggs. With 
heavy eggs the boiling motion is neither necessary nor desirable. The amount of 
water for each jar is about the same as that required for shad, possibly a little less, 
and it can be used under much less pressure than that needed for semi-buoyant eggs. 
No motion being given to the heavy eggs, there is of course no automatic separation 
and picking of the dead eggs. To remove the dead eggs the jars have to be unsealed, 
the eggs poured into a pan and picked with tweezers in the same manner aM when they 
arrived. This slight trouble, however, is abundantly compensated for, because in this 
apparatus the heavy eggs do not n quire picking for several days. So perfectly is 
every egg supplied with the constantly -changing envelope of fresh water that they 
remain healthy for a much longer i>eriod than in the forms of apparatus employing 
horizontal currents. In the jar there are no dead angles for stale and eddy water. 
Should the water becx)nie muddy, as it does at times in nearly all hatcheries, eggs 
exposed under horizontal currents are in constant danger of asphyxiation from deposits 
of sediment. In the McDonald jar, the water coming from below and passing upwards, 
all sediment deposited is on the upper side of the egg. Gravity prevents any accumu- 
lation on the under side, which always presents a clean surface to the incoming current. 
The time elapsing between the ^^ pickings," even with a uniform temperature, will vary ; 
and here again the attendant must be guided by close observation and judgment. Mr. 
Charles O.Atkins says that in water of 40oFahr. the eggs should be picked once in every 
three days. This rule was established with the old trough-and-tray system employing 
horizontal currents, and was undoubtedly correct for that system. During the season 
of 1883-'84, at Central Station, in Washington, D. C, ajar containing 30,000 Lake trout 
eggs remained closed from January 6 to January 21, when it was opened more for the 
purpose of washing than picking, but no unusual mortality could be detected. The 
temperature of the Potomac Eiver water during that time varied from 41^ to 38^ 
Falir.,and averaged 39.5^ Fahr. It may be interesting to note that during this period 
the water was unusually muddy. As often as is thought desirable the sediment may 
be washed from the eggs without opening the jar. Grasp the jar firmly at the bottom 
and top, lift clear of the table, and turn it rapidly so that the sides may generate a 
double cone, the center of the jar forming a common apex. In this operation care 
should be taken that the turning of the jar is not so violent as to throw the eggs up to 
a height that they will pass off through the outlet -tube. The eggs rolling upon 
themselves cut off the sediment, which readily i)asses off with the waste water. This 
operation will cleanse the eggs thoroughly, and, if judiciously repeated, will obviate 
all danger of a8i)hyxiati()n by dei)osit of sediment. During the time when the fry are 
breaking from the shells the jar shonhl be opened somewhat oftener, the dead picked 
out, shells removed, and the fry transferred to proper rearing quarters. The eggs 
should now be handled with more care than formerly, for while a salmon or trout egg 
is quite tough and will stand a good deal of rough handling at certain periods, as the 
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time of hatching-oat approaches it has become tender and there is danger of prema- 
turely bursting the shell. Pour the eggs carefully into a pan nearly full of water. 
With the scaff-net slightly disturb the water, and as the shells rise skim them off. 
After all the shells are removed, put a part of the eggs on the picking-tray and remove 
any dead. By gently sifting the tray and turning the eggs over with a feather, the 
fry can be made to drop through the meshes into the pan below, from whence they are 
easily transferred to the rearing quarters prepared for their reception. 

MEASURING THE EGGS. 

The question of measuring the eggs is a most important one to the fisb-culturist, 
and yet, to judge from the various ways of measuring eggs, it is one that has received 
little attention. Every branch of trade has a standard measure, but fish-culture has 
remained without standard or rational unit; each workman establishing for himself a 
system of determination, and varying that system from year to year as the exigencies 
of the season demanded. There has not only been a want of harmony in the various 
so-called measures used, but the ^^ measures" themselves have lacked the elements of 
reliability, being in many cases the most arbitrary and irrational. The records of 
results of work in the earlier days of fish-culture were but wild guessing, and, sad to 
say, many records are yet made in the same manner. 

The practice of arriving at the number of any given lot of eggs by estimating 
each parent fish to contain an unvarying quantity of eggs, and multii^lying this quan- 
tity by the number of females spawned has justly gone out of nse. How various and 
how far wide of the mark such estimates were is shown by the following: 8eth Green 
estimates a shad to contain from 20,000 to 28,000 eggs;^ 0. C. Smith, of Connecticut, 
puts it at 50,000;^ Dr. H. G. Yarrow estimates a shad to contain from 100,000 to 
150,000 eggs;* and Prof. J. A. Eyder, embryologist of the U. 8. Fish Commission, 
says a shad may have 250,000 ova in process of maturation at one time in her roes.^ 
These statements are made to show the absurdity of the old method of determination. 
There is no desire to attach odium to any one ; but the wish is earnest to call to the atten- 
tion of all interested the necessity of some recognized standard of measurement to be 
known and used by all fishculturists. Not unfrequently has it happened that a con- 
signment of eggs when estimated by the recipient has fallen short of the invoiced 
number. Sometimes these occurrences have led to accusations of fraud. In a former 
article in a Bulletin of the TT. S. Fish Commission, I have shown that the discrepancy 
may often result in part from other causes, and instead of being actual is to some 
extent but apparent. Whitefish and shad eggs, and possibly others, after several 
hours in the packing-crates, undergo a shrinkage, amounting to nearly 12 per cent, 
of their bulk. After being several hours in the jars the eggs reabsorb the water and 
resume their normal size. But the main reason for the discrepancy in the measure- 
ments at the receiving and shipping points will be found in the want of harmony in 
the methods of mcivsuring. 

In many hatcheries, esi>ecially those hatching heavy eggs, the system of deter- 
mination is based on the diameter of the egg. It will be found very difficult to estab- 



^ U. S. Fish CommiHsion Report, Part ii, p. 427. 

«Ibid., p. 455. 

* U. S. FUh ComuiiKsinn Balletin, Vol. ui, p. 196. 
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lish by calcalation, based on the diameter, a standard for measuring eggs on trays ; 
and the difficulty amounts to almost impossibility when it is attempted in like man- 
ner to determine the number of eggs in a given bulk. This at once becomes apparent 
by reference to the accompanying diagram. To determine the number of eggs on a 
tray, the general practice has been to count the number of eggs on two of its adjacent 
sides and multiply them together; it being assumed that the product was the number 
of eggs on the tray. This would be true if the eggs arranged themselves as shown iu 
Fig. 2, Plate 36. As a matter of fact the eggs really group themselves in a different 
manner (see Fig. 1, Plate 36), nearly obliterating the void space between the eggs. 
Theoretically but sixty- four eggs, one-eighth of an inch in diameter, will occupy 1 
square inch; practically we get over seventy-five. When we come in like manner 
to estimate eggs in bulk occupying a known cubic space, the error becomes greater 
by reason of the obliteration of the void. The eggs on the second layer do not occupy 
a position directly above those on the first layer; that is to say, the nadir of an egg 
on the second layer does not coincide with the zenith of an egg on the first layer, but 
falls iu the center of a void formed by three contiguous eggs. From this it follows that 
the altitude of two layers is less than two diameters of an egg. It is a legitimate 
conclusion that a bulk 1 inch deep of eggs one-eighth of an inch in diameter will 
have more than eight layers of eggs. It will require a higher knowledge of applied 
mathematics to solve this problem than is generally possessed by fish-culturists. 

While employed at the Central Station of the U. S. Fish Commission, at Wash- 
ington, D. C, in charge of hatching, from 1882 to 1888, 1 devised a system of measur- 
ing fish eggs and fry. It is applicable to all classes of semi-buoyant and heavy eggs, 
and is, I believe, based upon rational principles. "So one recognizes better than I that 
it still possesses inaccuracies, which only time, close observation, and determined 
practice can obliterate. The basis of this system is the number of eggs in a standard 
quart of the United States (67.76 cubic inches) determined by actual count of each 
egg. In the table here given some of the varieties of eggs were not obtainable for 
counting; these have been computed from their known diameter, due allowance being 
made from absorption of the voids. In all cases stated to be counted, the count has 
been made of each egg in the measure. 
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SpedM. 



X umber 

of egiss to , 

A standard , 

qnart. | 

57. 75 cu. in. ' 



Authority. 



SpuiiBh mackerel *. 

<rndfish* 

WalUved pike* ... 
Wbitetiab« 

Do 

Do 

Shad* 

Do 

Do 

Bockfisb* 

Bainbow troat' . . 

Do 



1,287.728 

335, UOU 

120. (too 

36.800 

34,800 

33.450 

28.239 

28,800 

22.750 

24,363 

12,800 

9.485 



Raiobow trout, three and 
four years old fish, domea- 
tirated. 
Kainbow trout froji Baird. 
Cal. 

Do 

Do 

Von Behr tront* 

Do 

Brook tnmt* 



eggs from 



Do 

Brook trout, 

Mk-higan. 
Brook trout, eggs from Con- 
necticut. 
Lake trout'* 

Do 

California salmon ■* 

Atbuitic salmon '* 

Land-locked salmon '* 



fi.875 



12,063 

5.720 
5,780 
3,696 

4.272 
3.300 



' Seomberomorus macutatns. 
*Gsdus morrbua. 

* Stizost4^ion vitreum. 
*Coregonns clupt'iformis. 

* Clupea sapid iiwima. 



How determined. 



RE. Earn 

H. C. Chester . . 
JamoM Nevens.. 
F.X.Clark .... 
W.F.Page - --. 

do 

do 

W. P. Sanerhoff 

do ... 

S. G.Worth 

F.N.Clark 

G.A.Seagle ... 



From diameter. 
do 



Count part of quart 
Count of 1 quart 



Beference. 



F. C. Report. 1880. p. 450. 



Jnlv 7. '87, Forest and Stream. 

F. 0. Report* 1880. p. 575. 

Central SUfction,sraMMi 18M-*8Sl 

do i Central Station. Feb.. 1887. 

do Central StattoD. s«*ason of 1881 



7,625 E.H. Robinson 



Count of 1 gin 

do 

From diameter 

Count. 1 fluid ounce . 
Count. 4 cubic inches 

Count, 8 cubic inches 



do 



do 



6, 624 I W. F. Page . . . 

6.536 l....do .. 

9. 935 ... do 

8. 301 E. M. Robinson 

11.092 William BnUer 

13, 998 W. F. Page ... 
13, 590 £. IL Robinson 



Battery Station, May. 1886. 
Do. 

F. C. Report, 1882. p. 820. 
Persons! letter. W^tlwTille 
SUtion. 
Do. 



Do. 



do 



Count of I quart Central Station. 1884. 

.'■ Count. 1 pint ' Central Sutlon, Feb., 1887. 

. Count, 15 ounces Ceutral Stution. Mar., 1887. 

. Count, 8 cubic inches ! Penonal IcUer, WytheriUe 

Station. 

. i Count of 1 quart Personal letter. Corry, Pa., 

hatrherv. 

Count 13 ounces Central Station. Ft* b.. 1887. 

Count. 36 cubic inches i Personal letter, WytheriUe 

Station. 
do I Do. 



W.F. Page Count of I quart Central Station. 

....do do . ; Centrsl Sution, Dec.. 1887. 

do Fromdiameter ! 

.. do Count of 1 quart Central Station. 

.. do do 1 Da 



*Roccus lineatns. 
'Salroo irideos. 

* Sal mo fario. 

* Salrelinns foutinalis. 



** Salvelinus namavcush. 
** OncuriiyDChus chonicha. 
**Salmo sislar. 
■*Salmo salar, var. sebago. 



An examination of the table will show certain apparent discrepancies between 
the counts made from year to year. It is undoubtedly true that in some kinds of eggs 
there is a slight variation from season to season. Where the count is made of a full 
quart, and of egga matured under like conditions, the discrepancy in number will be 
but trifling. We can not expect an equality in size between the eggs from wild and 
domesticated fish, between "scrub" and *• improved'' stock. 

The McDonald jar presents an easy, quick, and safe means of applying the knowl- 
edge contained in the table. The measurements in all cases are made while the eggs 
are in the jar, and with the cap screwed down. To ascertain how many eggs have 
been lost or hatched or are on hand are questions constantly arising. It would be 
cumbersome and tedious were we obliged to o|)en the jar and measure the eggs in a 
graduate every time such information was needed. Moreover, we have to know the 
quantity of eggs in each jar i*t a period in their development when such procedure 
would be exceedingly hazardous. 

The measuring scale is a light square made of wood, not so liable to break the jar 
as metal. The long leg of the square is 15 inches long, half an inch wide, and quarter 
of an inch thick. The short leg is of the same breadth and thickness and half the 
length. (Fig. 4.) The long leg is graduated to read from the bottom upwards. The 
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first grade is at a height correspondiDg to the level attained in 
the jar by a measared half pint of water; the sncceediog grades 
are determined by the iDtrodnction of additional half pints of 
water. When coustractiDg a scale the feed-tube sboald be 
stopped at the lower end, so it may displace an amount of water 
equal to the amount of eggs it will displace iu practice. It is de- 
sirable to have a separate scale for each variety of eggs hatched. 
Ail measurements are made with the feed-tube in place, the 
wat«r shut off, and the eggs allowed to thoroughly settle. All 
semi-buoyant eggs should be in the jar several hours before 
measuring, so that they uiay swell to their normal size. The 
short leg of the square is placed over the top of the jar, the 
long leg hanging down, and the scale read from the point 
where the top layer of eggs shows in the jar. Beference has 
been miide to measuriug the fish. It is possible to obtain by 
measurement an ulraost correct estimate of the number of fish 
produced by a jar of semi-buoyant eggs. Just before the time 
of batching all dead eggs should be carefully drawn off, and 
when the first flsb is seen swimming in the jar the eggs should 
be again measured. It is an ascertaiued fact that scarcely any 
semibuoyant eggs die, under proper conditions, after batching 
out has commenced, so that the last measure furnishes us a 
close approximation to the number of fish. 




6.-A REPORT UPON THE FISHES OF KALAMAZOO, CALHOUN, AND ANTRIM 

COUNTIES, MICHIGAN. 



BY CHARLES H. BOLLMAN. 



In 1885 the Fish Gommissioners of Michigan began a systematic survey of the 
lakes and rivers of that State with a view to ascertaining the results of the early 
efforts at stocking those waters, and also their adaptability to different kinds of fish. 
This information was only to be obtained by a careful examination of each body of 
water as to its quality, temperature, depth, inhabitants, and food-resources. . Field par- 
ties were organized from among the employes of the State Commission, and their work 
has been continued during each summer down to the present time. An account of 
their investigations will be found in the seventh and eighth biennial reports of the 
State Board of Fish Commissioners, published at Lansing, Mich., in 1887 and 1888. 

No professional naturalist was attached to these parties previous to 1888, and 
their researches regarding the inhabitants of the lakes and rivers were chiefly limited 
to the commoner species of fish. For the purpose of obtaining a more comprehensive 
knowledge of the fauna, the writer was employed by the U. S. Pish Commissioner to 
accompany the Michigan party in 1888, as naturalist, under an arrangement with the 
State Commissioners. The present paper contains a brief outline of the explorations 
made during that season, and a list of the fishes taken, together with such notes upon 
them as seem to have some permanent value. On account of its northern position the 
State of Michigan has comparatively few kinds of fishes. The number of species enu- 
merated m the following list is proportionally still smaller, for the reason that the 
bodies of water examined in 1888 have all essentially the same characters with respect 
to temperature and nature of bottom (usnally fine mad or pulverent vegetable matter), 
as well as to the flora and fauna. A set of the fishes collected has been placed in the 
U. S. National Museum at Washington. The invertebrates have not yet been studied. 

The places visited may be divided according to the river basins into three princi- 
pal groups, as follows: 

I.— THE ST. JOSEPH SYSTEM. 

1. Long LakCj Kalamazoo County, situated about 7 miles south of Kalamazoo. 
Length, 3 miles; width, three-quarters of a mile; greatest depth, 42 feet ; surface tem- 
perature, 730 to 740 ; bottom temperature, 52^ to 53^; date of examination, July 8 to 
11. The southern parts of this lake have gravelly and sandy shores, while those of the 
northern parts are marshy, and the lake is diversified by patches of bulrushes, Potamo- 
getouy and other aquatic plants. 

2. Austin LakCj Kalamazoo County, about a quarter of a mile fix>m Long Lake and 
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connected with it by a small stream. This lake has been mined by being drained, and 
now has a depth of only from 12 to 15 feet, while formerly it was nearly twice as deep. 
Its size is somewhat larger than that of Long Lake. Date of examination, Jaly 12 
and 13. 

3. Indian Lake^ Kalamazoo County. This lake lies several miles to the southeast 
of Long Lake. Its length is 2^ miles; width, 1 mile; greatest depth, 76 feet; tempera- 
ture at surface, 72o to 73^; at bottom, 64o. Date of examination, July 11 and 12. 

4. Gourd-neck Lake^ Kalamazoo County, lies several miles to the southwest of Long 
Lake. Length, 1^ miles; width, one-half mile; greatest depth, 50 feet; temperature at 
surface, 73^ to 75°; at bottom, 49o to 50o. Date of examination, July 12 to 14. East- 
em shores somewhat gravelly, the remainder marshy, with a steep offset. Outlet 
wide at southern end. 

5. Rawson Lake^ Kalamazoo County, lies about 2^ miles southwest of Yicksburgh. 
Length, 1} miles; width, one-half mile; greatest depth, 30 feet; temperature at bot- 
tom, 51^ to 63°; at surface, 72^ to 74^. The lake is without gravelly shores, its cen- 
tral parts being rather shallow and filled with species of Potamogeton. The northern 
parts, especially around the inlet, contain water-lilies and Utricularia in large quan- 
tities. There are two inlets, the northern one from the preceding lakes, the southern 
from the following. 

6. Howard Lake, Kalamazoo County, is situated just south of Eawsou Lake, and 
is connected with it by a wide outlet and several small lakes. Length, three-fourths 
mile; width, one-fourth mile; greatest depth, 46 feet; temperature at surface, 72^ 
to 73^; at botton\, 44^. Date of examination of Eawson and Howard Lakes, July 16 
to 20. Characters the same as those of Bawson Lake. 

II.— THE KALAMAZOO SYSTEM. 

1. Ooguac Lake, Calhoun County, is located 1 mile south of Battle Creek. Length, 
13 miles; width, one-half mile; greatest depth, 65 feet; temi)erature at surface, 73^ 
to 750 ; at bottom, 43^ to 6I0. Date of examination, July 20 to 25. This is a very 
irregular lake, with sandy and gravelly shores and marshy places at the heads of the 
coves. It has no outlets or inlets. 

2. St. Mary^s Lake^ Caihoun County, is located 4 miles north of Battle Creek. 
Length, 1 mile; width, one-fourth mile; greatest depth, 24 feet; temperature at bot- 
tom, 530 to 540 ; at surface, 74o. Date of examination, July 24 and 25. Characters 
the same as those of Goguac Lake. 

3. Barnum and Payne's Lakes, Calhoun County. These are two unimportant lakes 
lying about 5 miles south of Battle Creek, each having a length of about 1 mile, and 
a width of one-fourth to one-third of a mile; greatest depth, 30 to 40 feet; tempera- 
ture at surface, 73^; at bottom, 49^. Date of examination, July 22 to 24. Shores 
muddy. 

4. Upper and Lower Brace Lakes, Calhoun County. These lakes lie about 2J 
miles southeast of Marshall, and have the same characters as the two preceding ones, 
but with higher temperatures and less depth. Shores very muddy. Date of exami- 
nation, July 30 to August 1. These two lakes are connected and flow into Wilder 
Creek. 
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5. Lyon Ldke^ Galhoun Goanty, is sitaated aboat 3 miles south of the preceding 
lakes. Length, one half mile; width, one-third mile; greatest depth, 30 feet; tem- 
perature at surface, 73^ to 76^ ; at bottom, 67^. Date of examination, August 1 and 2. 
It has very clear water and sandy shores. There is neither outlet nor inlet. 

6. The Kalamazoo River was examined at two points, namely, at Battle Greek and 
Marshall. It is a rapid stream with gravelly bottom. The quiet places are choked 
up with mud and debris. At Marshall the gill-nets were used and set above the 
dams. 

III.— ELK RIVER SYSTEM. 

1. Torch Lake^ Antrim County. Length, 18 miles; width, 2^ miles; depth,about 320 
feet; temperature at surface, 67o to 69^; at bottom, 32 Jo to 48^. The water is very clear 
and partakes of the character of that of the Great Lakes. Shores sandy and gravelly; 
vegetation scarce. It flows into Elk Biver by way of Torch River, Bound Lake, and 
Elk Lake. 

2. Clam Lake^ Antrim County. This is a small lake flowing into Torch Lake by 
Glam Biver. Its waters are dark and its fauna is more southern in character than 
that of Torch Lake. 

3. Rapid River^ Antrim County. A small, rapid trout stream flowing into Torch 
Biver; temperature, 60^ to 65^. 

4. Spencer Creekj Antrim County, has the same character as Bapid Biver. There 
are two dams near the mouth, and above them two kinds of fish only are found, namely, 
Salvelintu fontinalis and CoUus hairdi. The rest of the species mentioned as found 
in Spencer Creek may be considered as also occurring in Torch Lake. These places 
were examined between August 8 and 18. 

Following is a list of the species of fishes observed at the above localities: 

1. Petromyson oonoolor (KirtlaDd). Lamprey-eel,^ 

One specimen found in Wilder Creek clinging to a dead Catostomus teres. This 
individual differs from any of the known specimens of P. concolor in having on each 
side of the mouth four teeth of the first concentric series bicuspid. 

2. Lepisoatetui platyatomua (Rafinesque). Qar, 

Long and Austin Lakes. 

3. Amia oalva Linnffius. Lawyer^ Dog-flsh, Mudfieh. 

Not common; Long Lake and Austin Lake. 

4. Ameiuma neboloaua (Le Suenr). Bull-head. 

Very common; Long, Austin, Indian, Gourd neck, Bawson, Goguac, Bamum, 
St. Mary's, Upi)er and Lower Brace, and Lyon Lakes; Kalamazoo Biver, at Battle 
Creek and Marshall. 

5. Notuma flavua (Rafinesque). 

Kalamazoo Biver, at Battle Greek. 

One individual found guarding its progeny under a stone. 



> The oommoQ names given are those used by Michigan fishermen. 
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6. Catoatomua teres (Mitchill). White Sucker, 

OommoQ or abundant ; Indian, Bawson, Oogaac, St. Mary's, Barnum, Payne's, 
Upper and Lower Brace, and Torch Lakes ; Kalamazoo Biver, at Battle Greek and 
Marshall. 

7. Catoatomua nigricana Le Saeur. Stone-roller, Nigger-head, Hammer-head, 

Gommon ; Kalamazoo, at Battle Creek and Marshall. 

8. Erimyzon auoetta var oblongus (Mitchill). *^ Pin Minnow** (yoang). 

Common; Long, Austin, Bawson, Howard, Barnum, and St. Mary's Lakes. 

9. MozoBtoma daqaesnei (Le Sueur). Golden Red-horse, 

Common ; Lower Brace Lake ; Kalamazoo Biver, at Battle Creek and Marshall. 

10. Pimephales notatus (Rafinesqne). 

Abundant at all places. 

11. Notropia hudaonius (De Witt Clinton). 

Long, Austin, Indian, Gourd-neck, Bawson, Howard, and Clam ^akes. Gommon 
in the southern lakes, but not so in Clam Lake. 

12. Notropis megalops (Rafinesque). 

Abundant; Kalamazoo Biver, at Battle Creek and Marshall. 

13. Notropis atherinoides (Rafinesque). 

Not common ; Kalamazoo Biver, at Battle Creek, Torch Lake, and Spencer Greek. 

14. Rhinichthya atronaaus lunatus (Cope). 

Common; Austin Creek, Torch and Clam Lakes and Spencer Creek. 

Body much mottled, spots confluent above, gradually fading out towards belly; 
lateral band indistinct; flns plain. D. midway between C. and nostril; snout rather 
long; head 4-4^ in body; eye, 5-5J in head; lat. 1.62-65. 

In this paper I have considered the Michigan specimens as forming a variety of 
atroncLsuSy on account of the pattern of coloration. Lunatus is separated from obtusus 
by having the scales along lateral line less (62-66 instead of 70). 

15. Hybopsis kentuckiensis (Rafineaqne). 

Common; Kalamazoo Biver, at Battle Creek and Marshall. 

16. SemotUus atromaculatuB (Mitchill). 

Common; Howard Lake, Austin Creek, Kalamazoo Biver, at Battle Creek and 
Marshall. 

17. Not^migonua chxyaoleucuB (Mitchill). Golden Shiner, 

Not commoi: ; Long and Lyon Lakes. 

18. CoregonuB clupeifonnis (Mitchill). Common JVhiteJieh. 

Torch Lake. 

19. CoregonuB artedi (Le Sueur). Herring. 

Abundant; Torch Lake, Traverse Bay. 

20. CoregonuB artedi bIbco (Jordan). Siaco. 

Not common ; Indian and Bawson Lakes. 
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21. Coresonnatallibeebiasellii subsp. dot. 

Belated to Coregonus tullibeej bat presentiag the following differences: Maxillary 
reaching to middle of eye; end of supplementary bone roanded; lower jaw longer 
when closed; supraorbital bone elongate pear-shaped; eye 4^f in bead; scales ante- 
riorly scarcely larger in diameter than those on caudal peduncle; lat. 1. 8ft-82; head 
4^-4^ ; depth 3^. 

One specimen was caught in Eawson Lake and thirteen were taken in Howard 
Lake. The above description is based upon two specimens— one from each lake. I 
take great pleasure in dedicating this new variety to Mr. John H. Bisseli, president of 
the Michigan Fish Oommission. 

22. GkdvelinuB namayouBh ( Walbanm). Lake Trout, Mackinaw Trout, 

Common in Torch Lake. 

23. Balvelinna fontlnalia (Mitohill). Brook Trout, Speckled Trout, 

Abundant ; Torch Lake, Rapid Eiver, Spencer and Austin Greeks 

24. Fondnlua diaphanua menona Jordan & Copeland. 

Abundant ; Ooguac, St. Mary's, Upper and Lower Brace, and Lyon Lakes. 

25. Zygonaotea notatua (RafiDeaqne). 

Bare ; Bawson and Howard Lakes. 

26. Umbra limi (Kirtland). 

A few were taken in a small brook which flows into Howard Lake ; one in Ooguac 
Lake, and three in Bapid Biver. 

27. Luciua Inoiua (Liooseus). Crraee Pike, Pickerel. 

Common; Indian, Oourd-neck, Bawson, Ooguac, Lower Brace, and 01am Lakes; 
Spencer Greek. 

28. Luciua vermioulatua Le Snenr. 

Common; Bawson and Ooguac Lakes ; Wilder Greek. 

29. AngnillaangiiiiUaohryBypaCRafineaqne). Eel, 

Oourd-neck and Bawson Lakes. 

80. Pygoataua pnngltiua (LinnsBus). 

Common in Bapid Biver ; not seen elsewhere. 

81. Bnoalla inoonatana (Kirtland). 

Not common ; seen in Bapid Biver. 

82. Labideathea alooalua (Cope). 

Common ; Long, Austin, Oourd-neck, Bawson, Howard, Ooguac, St. Mary's, and 
Lyon Lakes. 

88. Aphredodema aayanua Oilliaros. 

Two specimens taken in a small brook which flows into Howard Lake. 
Scales in lateral line about 60. 

84. Pomozia aparoidea (Lac^pMe). Calico Base, Strawberry Base, Speckled Base, 

Very common; Long, Indian, Austin, Oourd-neck, Bawson, Howard, Gk>guac, 
St. Mary's, Upper Brace, and Lyon Lakes. 
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35. Ambloplitea nipestrlB (Rafinesque). Rock Ba$$. 

Common ; Long, Oourd-neck, Bawson, Gogaac, Lower Brace, Torch, and Clam 
Lakes. 

36. ChasnobryttUB guloaus (C. and Y.). Buffalo Ba8$, 

Common; Rawson and Lower Brace Lakes. 

37. Lepomia oyanellua Rafinesque. Buffalo Sun-fish, 

Common ; Rawson, Gogaac, and St. Mary's Lakes. 

38. Lepomia pallidua (Micchill). Blue-gill, Bream, , 

Abundant in all the lakes examined, with tbe exception of Torch Lake, where 
none were found ; also taken in the Kalamazoo River. 

39. Lepomia megalotia (Rafinesque). 

Not common or rare; Rawson, Payne's, and Clam Lakes; Kalamazoo River. 

40. Lepomia gibboaua (Linnaeus). Pumpkin-aeed. 

Has the same distribution as Lepomis pallidua. 

41. Microptenia dolomieu (Lac^pMe). Small-mouthed Black Bass, 

Common in Torch Lake and the Kalamazoo River. Two young were taken in 
Goguac Lake. 

42. Microptenia aalmoidea (Lac<Sp^de). Large-mouthed Black Bass, Chreen Bass, Gray Bass, Oswego 

Bass. 

Abundant; Long, Austin, Indian, Gourd-neck, Rawson, Howard, Goguac, Payne's, 
Barnum, St. Mary's, Upper and Lower Brace, Lyon, Torch, and Clam Lakes; Kalama- 
zoo River, at Marshall and Battle Creek; Spencer Creek. 

43. Etheoatoma nigrum (Rafinesqne). 

Common; Long, Goguac, Torch, and Clam Lakes; Kalamazoo River, at Battle 
Greek and Marshall; Spencer Creek. 

44. Etheoatoma caprodea zebra (Agassiz). 

Common; Goguac and Torch Lakes; Spencer Creek. 

45. Etheoatoma aapro (Cope <Sr Jordan). 

One specimen found in a fishbox at Long Lake. It was said to have been caught 
in the Kalamazoo River, at Kalamazoo. 

46. Etheoatoma ccBruleum Storer. 

Common in the Kalamazoo River, at Battle Creek and Marshall. 

47. Etheoatoma fuaiforme eoa (Jordan & Copeland). 

Rawson, Goguac, St Mary's, and Thayer's Lakes. D ix, 11; A 11, 7; lateral line 
68-60, tubes 15-22. Cheeks scaly. 

None of the specimens observed in Rawson, Gognac, and St. Mary's Lakes were 
over 45"^™ in len«j:th, while all from Thayer's Lvike were 55"^™ long. 

48. etheoatoma ezilia (Girard). 

Clam Lake. D. vii, 10; A. 11, 7; lateral line extending to end of anal, scales 
55; tubes interrupted, 37-40. Cheeks naked. This is probably also a variety of E. 
fuiiforme. 
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49. Peroa flavesoens (Mitohill). Teflow Pereh. 

Abandantin all the lakes examined. 

50. Sttmostedion vitrenm (Mitchill). WaH-eged Pike. 

Two specimens caught in Gourd-neck Lake. 

51. CottuabairdiGirard. Miller' $ Thumb, 

Oommon; Rice Greek, Spencer Creek, and Bapid Biver; Torch Lake. 

52. Trlglopsiathompaoni Girard. 

Fifteen specimens taken from the stomach of a Salvelinus namaycushj which was 
caught in Torch Lake. 

53. Lota Iota (Linnieas). lAng, Lawyer, 

Common in Torch Lake. 

Indiana University, February 18, 1889. 



7 -NOTES ON FISHES FROM THE LOWLANDS OF GEORGIA. WITH A DESCRIP- 
TION OF A NEW SPECIES (OPSOPCEODUS BOLLMANI). 



BY CHAS. H. GILBERT. 



Dnring the latter part of June, 1889, Mr. Charles H. Bellman, aasiated by Mr. Bert 
Fesler, undertook the exploration of the lowland streams of the Southern United States 
in the interests of the U. S. Fish Commission. The work was but fairly begun, when 
Mr. BoUman was prostrated by an attack of fever, which proved fatal. The following 
notes are on the material collected by him. The streams examined are thus described 
by Mr. Bollman: 

(a) Brier Creek at Waynesborough, Oa. — A cold, sluggish stream, with steep banks, 
and apparently hard, sandy bottom ; about 10 fet't deep, and 40 to 50 feet wide, and 
without shallow spots. The specimens were chiefly obtained in a very small lagoon, 
with muddy shores, a short distance from the main stream. 

(b) A small stream in the southern suburbs of Savannah. — This is a small, sluggish 
stream, about a mile long. At the place seined it was G to 10 feet wide and 2 to 4 feet 
deep, with a very muddy bottom. 

(c) The Ogeechee River at Millen, Oa. — At this point the river is deep and sluggish, 
and overhung with dense vegetation. Greatest width, 40 to 50 feet ; depth, 4 to 10 
feet. On account of the depth and the character of the shores, seining was done in 
a small running lagoon, a few miles southwest of Milieu. Here the water was very 
muddy, the bottom being of mud in the shallower parts near shore, and of compact 
sand in the deeper portions. Fishes were most abundant in the shallower water near 
shore, none except minnows being found in the deeper running part. 

(d) Buckhea^ Creeky a tributary of the Ogeechee River at Millen. — The stream was 
seined at the railroad bridge, 1 mile southwest of Millen. At this point the creek is 
40 to 50 feet wide, and 8 feet deep in midstream, with a bottom oi hard sand. Most of 
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the collecting was done in a small arm jast above the bridge, with a bottom of mixed 
sand and mad. 

{€) The Satilla River at Waycross* — This is a moderately swift swamp- water stream, 
with a bottom of white sand. The depth was 8 to 10 feet in the channel; the width 50 
to 70 feet. Temperature 76o on July 2. The sand-bars were the only places that coald 
be examined, and they yielded almost nothing. The fishes were principally obtained 
in a small lagoon 3 to 5 feet deep. 

1. Notums leptaoanthna Jordan. 

One specimen obtained in the Ogeechee Biver. 

2. AmeinmB platycephalus (Girard). 

A. few obtained at Millen. A. 21 to 23. 

3. AmeiuruB albidus (LeSuenr). 

Several specimens obtained at Savannah. I know of no characters distinguishing 
Southern specimens (niveiventris) from Northern (albidus^ lophius) or from South- 
western (lupt^)^ and unite them therefore under the oldest name. 

4. Erimyzon suoetta (Lac^pMe. ) 

Three specimens from i,he Ogeechee Eiver, at Millen, have the scales in 36 to 38 
transverse series. 

5. Notropis roseus (Jordan.) 

This species, hitherto known only from a few specimens taken in the Tangipahoa 
(Notalbany) Biver in Louisiana, seems to be the most abundant minnow in the low- 
laud streams of Georgia. It was obtained in every stream examined, Brier Greek, 
the Ogeechee Eiver, and Satilla Biver, and was everywhere common. It much resem- 
bles N. chalybceuSy with which it is found associated, but may be distinguished at once 
by the broader head, blunter snout, and less oblique but somewhat larger mouth, the 
black lateral band less intense, and not including the lower jaw ; the anal is quite 
constantly I, 7, instead of I, 8 as in chdlybwus. The head is shorter than indicated 
in the original description, averaging 4^ in length, and the depth is somewhat greater. 

6. Notropis chalybaeus (Cope). 

Abundant in the Ogeechee Biver at Millen. 

7. OpsopcBodus emiliae Hay. 

Two specimens taken iii a lagoon of the Ogeechee Biver at Millen. Agreeing with 
the original description in having the lat. I. complete. All northern si>e<jimen8 ex- 
amined have it incomplete, and may belong to a distinct geographical variety (megalops 
Forbes). 

8. OpsopcBodus boUmani sp. no v. 

Differing from 0. emilice in the nearly horizontal mouth with lateral cleft, and in 
the conspicuous round black spot at base of caudal. 

Head small, snout compressed, slender, somewhat rounded at tip, resembling 
Bybopsis labrostis. Mouth small, subterniinal, usually slightly overhung by the snout, 
the cleft slightly oblique; maxillary reaching vertical from posterior nostril, shorter 
than snout, 4^ in head. Eye eqnaling snout, 3§ in head, less than interorbital width. 

Pharyngeal teeth 5-5 or 4-5, with well-developed grinding surface, one edge of 
which is conspicuously serrated, though less strongly so than in emiliae. The pharyn- 
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geal bones are, as in the latter, very small and weak, scarcely half the size nsnal in 
Notropis ; the base of the bone is abruptly dilated at onter third, as in emiiias. 

Origin of dorsal behind insertion of ventrals, slightly nearer base of candal than 
tip of snont; anterior dorsal and anal rays longest, the outer margins of these fins 
concave. Caudal strongly forked, the lobes acute. Pectorals not reaching ventrals, 
the latter to, or nearly to, vent. 

Lateral line incomplete, present on 7 or 8 of the anterior scales only. 

Head 4^ to 4^ in length ; depth 4§ to 5. D. I, 8 ; A. I, 8. Scales 37f ; the breast 
scaled. 

Oolor in spirits: Dusky olive, lighter below, the scales conspicuously margined 
with dusky, giving a checkered appearance to sides. A dusky lateral band passing 
through eye, and downwards to mouth, including tip of lower jaw; above this a con- 
spicuous Y-shaped light area on snout. A round, black blotch on base of caudal, 
nearly as large as eye. A dark dorsal streak, and one backwards from anal. Fins 
dusky ; in males, a black blotch on first two dorsal rays, the marginal third of fin 
dusky ; anal and ventrals broadly margined with blackish. 

Five specimens, the longest 2 inches long, were obtained in a lagoon of Buckhead 
Creek, at Millen, Ga. 

9. Notemigonos chrysoleuoas bosoi (On v. & Val.)* 

Brier Creek and the Ogeechee River; abundant. A. 14 to 17. 

10. Chologaster oomntaa Agassiz. 

Chologaater avitua Jordan and Jenkins, Proc. U. S. Nat. Muh., 18KS, p. 3.56. 

A single specimen less than one inch long, from Millen, Ga. Agreeing wholly with 
Dr. Jordan's specimens from Dismal Swamp, except that the caudal fin is more largely 
dusky, the sub-basal white band being represented only by a translucent area on 
upper and lower rays near base. There can be little doubt that this is identical with 
the eomutus of Agassiz, differing from the original description only in being more 
slender. 

11. Fondaltui heteroclitus (Linn.) 

Not abundant; taken in a small stream in the suburbs of Savannah, Ga. 

12. Zygoneotes nottii Agassiz. *' Star-headed minnow." 

Fundulus zonatus Cuv. &, Val., XVIII, 196. Haplochilwi zanatna, Ganther, VI, 316; not E$ox 

zonatuM Mitchill. 
Zygonectes lineolatuSj Agassiz, Amer. Jonm. Sci. Arts, 1854, 353. 
Zygonectea craticula^ Goode &, Beun, Proc. U. S. Nat Mas., V, 433. 
Zygonectea zonifer, Jordan & Meek, Proc. U. S. Nat. Mus., VII, 482. 

Abundant in lagoons connected with the Ogeechee River, and its tributary Buck- 
head Creek, at Millen. A few also taken at Savannah. 

I agree with Prof. O. P. Hay in identifying craticula with iwttii. The *' fainter 
interrupted lines" are in females visible only towards the back, in males more con- 
spicuous, and present also on middle of sides. 

Zygonectes zonifer was based on males of this species. The vertical bars vary in 
width and also in number, ranging from eight to fourteen. 

Zygonectes guttatm Agassiz (1. c.) seems to be identical with Zygonecten escambiw 
Bollman (Proc. U. S. Nat Mus. 1880, 4(5.3), and must supersede the latter. 
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13* QmmbuaUk ptinalii Bftird A Girmrd. 

Brier Creek at Wajnesboroagh ; Savannah ; lagoons of the Ogeechee Biver at 
Millen; Satilla Biver at Way cross; every where abondant. 

14. MolMenagUi latipiniia Le Soenr. 
Abundant at Savannah. 

19. Looliw amailoaiiiis (Gmelin.) 

Brier Creek, Ogeechee Biver. 

16. Zfuoiiw retlonlatiis (Le Saeur. ) 

Brier Creek, Ogeechee Biver, Satilla Biver. 

17. Angnllla anguilla ohryaipa (Rafinesqae.) 
Abundant at Savannah. 

18. Labidesthas aioonlua (>ope. 

Ogeechee and Satilla Bivers ; abundant. 

19. Aphredodarua aayanua (Gilliams.) 

Several Hpecimens taken in the Ogeechee Biver at Millen, and the Satilla at Way- 
croHH. Ill the HmallcHt (^ inch long) the vent is midway between base of ventrals and 
front of anal 

20. Elaaabma avargladai Jordan. 

A single si)ecimeri from the Satilla Biver at Waycross, answering well the orig- 
inal deHcriptioHi but with the anal III, 7, instead of ILI, 5. D. lY, 9. Lat. 1. 27. Fins 
all high, the ventrals reaching slightly beyond origin of anal, the longest dorsal ray 
1 ) in hea<l. In spirits, faint traces of 6 or 7 dusky cross-bars ; a white area on base of 
caudal. In life, ^^ a blue band under eye and a number on sides. D. spines with blue." 

21. Cantrarohua maoropterua (Lac^p^(le. ) 

Found very abundant in a lagoon at Millen. 

22. Bnneaoanthua glorioaua (lloUjrook.) {=E. aimulans Cope.) 

A single specimen from Millen, Oa. 

23. Bnneaoanthua obeaua (Haird.) 

One specimen from Millen. 

24. Lepomia piinotatua (('iiv. &. Val.) 

Many specimens from Millen and Waycross. 

25. Lepomia auritua (Lini)u)U8.) 

Millen. 

26. Lepomia megalotia (RafineHqiie.) 

Abundant at Waynesborough and Millen. 

27. Lepomia pallidua (MitchiU.) 

Waym^sborough, Millen, and Waycross. 

28. Btheoatoma nigrum olmatedi (StortT.) 

Many snmll specimens were taken in Buckhead Creek at Millen, Ga. D. IX or 
X, 13 to 15; A. I, 7 to 9. Lat. 1. 47 to 62. Cheeks naked or partly scaled, breast 
naked; nape with few scales or none. 
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29. Btheostoma nisroliEMoiatam (Agaasiz.) 

One specimen from Millen. 

30 Etheostoma Insiforme (Girard.) 

Many specimens from Millen and Waycross. These differ firom the western and 
southwestern form (gra4dle), in the scaly breast, the absence of the conspicaoas black 
bar near base of spinous dorsal, and the dull coloration of the sides. 

D. IX or X— 10 or 11 ; A. II, 7 or 8. Lat. 1. 47 to 55, pores present on 20 to 30 
scales. 

31. Btheostoma squamiceps Jordan. 

A sing^le specimen from the Ogeechee Biver at Millen. This species varies ex- 
cessively in squamation of head, and in size of fins. The specimen before me has 
cheeks and opercles scaly, the nape, breast, and top of head naked. D. X — 11; A 
IE, 9. Lat. 1. 45, the pores wanting on 6 scales. Branchioste;i:al membranes rather 
broadly joined across the throat, the width on median line equaling three-fourths 
diameter of eye. Golor as usual ; caudal with three conspicuous black spots at base. 

Uniyebsity of Indiana, October 24, 1889. 
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1. IHTRODnCTIOH. 

The followiDg studies apon the ntargeoDS and sturgeon fisheries of the Eastern 
rivers of the United states were undertaken in the spring of 1888 at the suggestion 
of the U. S. Ck)nimis8ioner of Fish and Fisheries, Prof. Marshall McDonald. 

Pursuant of these purposes, I repaireil to Delaware City, Delaware, a very impor- 
tant center of the sturgeon fishery, in order to collect data respecting the fishing; also 
to study the variations presented by the individuals of the common sturgeon ; to 
determine the number of species taken in the Delaware Biver ; their food, relative 
abundance, and value; and to find out, if possible, if artificial propagation might be 
successfully carried on. The latter part of the month of May and nearly the whole 
of June, 1S88, were devoted to these objects. 

231 
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The resalts which were obtained were to some extent ansatisfactory, owingtothe 
difficulty of obtaining an abundance of living ova, and the difficulties attending their 
fertilization by artificial means, as well as rearing the embryos. Notwithstanding 
these untoward conditions, a number of novel facts were collected and experiments 
were carried out which must be of great significance in any further attempts at the 
artificial propagation of these immense fishes. Amongst the most important of my 
results, the observation which I regard as of the greatest practical value, is the de- 
termination, by experiment, that it is possible to quickly obtain both living ova and 
spermatozoa from recently-captured fishes by GaBsarean section. The only ova which 
I succf'^ded in fertilizing were obtained from females of the common sturgeon by 
cutting open the abdomen of the still living fish. Forcing out the ova by pressure, as 
practiced with the shad and salmon, is not feasible in the case of the sturgeon, and 
the removal of the ripe ova from the abdominal cavity of the parent fish may be far 
more expeditiously effected by slitting open the body cavity, in the manner asually 
practiced in dressing the carcass for market. 

The milt is most readily obtained in a similar way from the recently captured and 
living ripe males, only that in this case pieces of the enormous testes are cut out and 
the milt pressed from the fragments. The success which followed the usual methods 
of fertilization proves conclusively that vast numbers of embryos could be hatched 
annually from eggs thus obtained and treated. The number of millions which could 
be reared in this way would depend entirely upon the number of trained spawntakers 
promptly on duty when spawning fi^h are taken by the fishermen, and the extent of 
the facilities for hatching them and protecting them against the attacks of Achlya 
and Saprolegniay forms of fungi which were found to be most seriously destructive to 
the life of the ova of the sturgeon in moderately quiet waters. 

Other practical information which was obtained related entirely to the manner in 
which the eggs must be treated in the work of artificial propagation. The extent 
and value of the caviare industry was also investigated, as well as the determination 
of the number of species which frequent the Delaware and other Eastern rivers in 
which sturgeons are taken. The important fact was also determined that the common 
sturgeon {Acipemer sturio) is the only species which is at the present time of any 
commercial value in the fishery of the Delaware. It was my good fortune also 
to secure no less than five specimens of the A. hrevirostris of Le Sueur, which has, so 
far as 1 can learn, not been certainly recognized since that naturalist's time; recent 
writers have in fact almost uniformly confounded it with the common and far more 
abundant species. This species wjis originally discovered in the Delaware, and there 
have been, so far as I can discover, no trustworthy identifications of the species from 
any other waters. That it has a wider distribution is probable ; -it may be that its 
principal center of distribution is other than the river in which it was first taken. 
The comparative rarity with which it is taken speaks much in favor of this view. 

The embryological data of this monograph have been drawn partly from original 
sources, namely, from the embryos which I succeeded in rearing from artificially fer- 
tilized eggs, and partly fi om the work of other authors. The embryos of the common 
sturgeon here illustrated are, as far as I have been able to learn, the first of that s{>ecies 
that have ever been figured. While it may occur to some persons that the attempt 
to complete the survey of the extc^.rnal features of the ontogeny of the sturgeons from 
the work of others is a useless duplication of labor, I wish to here state that it seems 
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to me that, so far from that being the case, it has only thus been made possible to get 
something like an adequate notion of the remarkable changes through which these 
fishes pass, from the time the egg is fertilized until adolescence is reached. To this 
end I have had no hesitation in laying under contribution the labors of Knoch, Salen- 
sky, Parker, and Balfour, on the larval stages of the sterlet, in addition to what I have 
been able to glean in regard to the development of the common species. 

Upon reaching the fishing grounds I was first made aware of the great uulikeness 
in the outward appearance of the 3^oung, from 5 inches to 3 feet in length, as compared 
with adults of the common species. This fact led me to examine somewhat closely 
into the visceral anatomy of the young, with the result of finding that the* internal 
differences are as great as the external ones, as the accompanying plates displaying 
the viscera will testify. Between the youngest obtainable material and the embryos 
studied by Balfour, Knoch, Parker, and myself, there still remained a gap so great 
that, in the time allotted me for the completion of my work, it was impossible to 
obtain the required missing stages. Fortunately those gaps are almost completely 
bridged by the oldest larvaB figured by Parker, and the post-larval stages of the ster- 
let figured only two years ago by Zograff. Zograff 's figures, in conjunction with an 
old figure of a very young specimen of the gigantic Huso of eastern Europe, published 
in 1833, by Brandt and Ratzeburg, enable us to trace very satisfactorily the history 
of the dermal armature of the genus. Comparisons of these disclose the fact that the 
dorsal row of scutes on the body appears first, then the lateral, and last of all the 
ventral rows. Other changes in outward appearance also occur, which can only be 
fully appreciated by reference to the figures which have been reproduced in the 
plates accompanying the text of this paper. These facts it seems to me are a sufficient 
warrant for my having drawn so largely from other sources. Moreover, since this 
report is intended, not simply for the information of naturalists, but more especially 
for those interested in the practical question of the propagation of the sturgeon as a 
source of foo<l, I have felt it incumbent upon me to give as full and popular an 
account of its natural history as it was in my power to produce. Some of the most 
important literature on the subject being in German, French, and Russian, it is neces- 
sarily inaccessible to the general reader in this country. It has therefore been with 
much pleasure that I have here brought together the figures from such out-of-the-way 
or generally unreadable foreign authorities as will give such a reader a fair notion of 
the singular changes which these huge fishes undergo in the course of their lives. 

The illustrations of the adults are from photographs, reproduced by one of the many 
recent and highly successful photogravure processes. These give an adequate notion 
of the forms of the heads of the adults and an idea of the texture of the surfietce of the 
skin of the fresh fish such as is im|K)ssible except at the hands of an exceedingly skill- 
ful but expensive artist. I have been impelled also to offer these new illustrations of 
the common sturgeon in view of the fact that there are not now in existence half a 
dozen illustrations of the external appearances of this species that are trustworthy 
as to details. Nearly all the figures in existence are either poorly executed or taken 
from distorted or "stuffed" specimens. 

The illustrations of the young, 20 inchefi in length, are also photogravures, and serve 
to contrast the wide differences, in the form of the head especially, with that of the 
adults. The contrasts between these and the Acipenser brevirostris figured along 
with them are equally striking, and the latter may be also profitably compared with 
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the illostratioiis of the heads of the adalts. The photogravares of A. brevirostriB also 
show the great difterenee in the dermal armature of that species in comparison with 
that of the yoang of the common species. In the former the strong spines of the 
bucklers have disappeared, while in the latter of the same age they are still retained. 

2. STSTEMATIC REVIEW OF THE STTTBGEOHS OF THE EASTEBH COAST. 

The following systematic review of the stnrgeons of the Eastern coast is here 
offered. The definitions of the order, family, genus, and the two Eastern species are 
modified and corrected so as to correspond with the present state of onr knowledge 
of the group. This has been found necessary, since a few minor errors as to matters 
of fact have crept into the definitions given in Jordan and Gilbert's '^Synopsis of the 
Fishes of North America," upon which the ones here given are based. 



Order OLj^NIOSTOMI. 

A prsBCoracoid arch; symplectic represented by cartilage, but without membranous 
ossification; maxillary present; no suboperculum or praeoperculum; interoperculam 
present; mesopteryginm distinct; interclavicles present; basihyals and ceratohyals 
without membranous ossifications ; branchihyals partially invested by ossifications in 
membrane. 

Family ACIPKNSERID^E. 

The Sturgeons, 

Body elongate, subcylindric ; skin armed with five rows of bony bucklers, each 
with a median longitudinal carina, terminating in a retrorse spine in the young and in 
some small species. A median dorsal series, and a lateral and abdominal series on 
each side, some of the abdominal series iu later life (the preanals of A, sturiOj and 
abdominals of A. rubicundus) becoming covered au<l more deeply embedded in the 
integument, so as to become invisible from the surface. The lateral rows of scutes give 
passage to the canal of the lateral line. Between the rows of large scutes the skin is 
rough with small, irregular, embedded dermal ossifications. Snout produced, depressed, 
conical or subspatulate, with sensory areolse on inferior surface. Mouth small, 
inferior, protractile, with thickened lips, produced into characteristic marginal lobes. 
No teeth, except in the larval stages. Four barbels in a transverse series on the lower 
side of the snout in front of the mouth. Eyes small; nostrils large, with two open- 
ings, and with olfactory membrane with a smooth central disk, surrounded by a 
rosette of folds. Gills 4; branchial arches 5; an accessory opercular gill. Gill mem- 
brane united to isthmus. No branch iostegals. Maxillary <listinct from premaxillary. 
IJead covered by bony scutes or dermal ossifications united by sutures. Fin-rays 
slender, all articulated, except first spine-like ray of pectoral. Caudal with fulcra, 
pectorals placed low. Ventrals niauy-rayed, behind middle of body. Dorsal placed 
posteriorly; anal somewhat behind it, similar. Tail heterocereal; the lower lobe 
developed. Air-bladder large, simple, connected with the (Dsophagus by a spacious 
laterally compressed, short pneumatic duct. Pseudo-branchial or spiracular gills very 
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small or obsolete. Stomach withoat blind sac. Bectam with spiral valve. Mash- 
room-shaped paucreas, divided internally into csecal appendages, the external inter- 
spaces between which are filled up with connective tissue, so as form an apparently 
solid organ, the cavities in which open into the upper-end of the duodenum through 
three passages. 

^* Large fishes of the seas and fresh waters of Northern regions. Most of the species 
are migratory, like the salmon which are found in the same waters. Genera two, 
species about twenty, although more than five times that number have been described. 
The American specie's especially have been unduly multiplied, particularly by Au- 
guste Dum^ril, who has found upwards of forty of them in ( he museum at Paris. 
The actual number of American sturgeons does not exceed seven, and is more likely 
still less. The changes with age are considerable; the snout in particular becomes 
much shorter and less acute, and the roughness of the scales is greatly diminished. 
• • • The number of plates, although one of the best specific characters, is 
subject to considerable variations." 

ACIPENSBR LinniBas. 
Sturgeons. 

Snout subconical above, more or less depressed below the level of the forehead ; 
more or less nearly flat below. Spiracular opening nearly twice as far behind the tip 
of the snout as the eye. Caudal peduncle of moderate length, deeper than broad, the 
lateral rows of bony scutes distinct to the base of the caudal fin. Tail not produced 
into an abortive filament or opisthure, as in Scaphirhynchops (shovel-nose sturgeons), 
but with its tip bearing caudal rays. Gill-rakers small. Pseudo branchise or spirac- 
ular gills present. Only two sharply defined species found in the waters along the 
Atlantic coast of the United States. Possibly three other good species inhabit the 
United States; one of these is the very distinct lake or fresh- water sturgeon of the 
lake region, and two others are said to be found on the Pacific coast. 

1. A. sturlo L. Common Sturgeon. 

Snout one- third of the length of the head ; rounded above, nearly flat below, bluntly 
rounded in outline at tip, as seen from above, in the adult. Snout of young much 
more acute and produced than in the adult, and about half the length of the head. 
Barbels arising nearly midway between mouth and tip of snout, not reaching mouth ; 
in the young longer and more slender. A median, lanceolate smooth fenestra or area 
between the parietal and frontal plates in the young, which entirely disappears with 
age. Gill-rakers small, slender, pointed, sparse, not longer than the pupil. Small 
dermal plates between dorsal and lateral rows tending to form successive oblique 
rows, in which many of these small plates tend to become lozenge-shaped. Average 
number of plates in dorsal row, 11; in lateral rows, 28; in ventral rows, 10; 4 or 5 
preanal scutes. Opisthocentrous in young, mesocentrous in adult. Mouth narrow. 
Dorsal, 40-44; anal, 26-30; ventral, 26; pectoral, 35; caudal, 90; lower caudal lobe 
short; peritoneum never deeply pigmented, so that the viscera when exposed are 
nearly white. Color of skin olive-greenish above. Variety oxyrhynchus is based 
partly upon the young of this species and partly upon old individuals which retained 
their unusually lengthy snouts. My own opinion is that the snout of this species 
undergoes actual shortening and loss of substance during growth. The actual varia- 
bility of this species can not be appreciated unless one has had the opportunity to 
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compare handreds of recent individaals. Atlantic Ocean ; ascending rivers of Eastern 
sea- board. 

2. A. brevirostris LeSaeur. Short-nosed or Bl not-nosed Stargeon. 

Snout of half-^rown individuals about one-third the length of the head, but propor- 
tionally wider at base than in the preceding species. Barbels usually arising a little 
nearer to tip of snout than to the mouth; not reaching mouth. Little or no dlffereooe 
between the form of the snout of the young and adult. No smooth area or fenestra on 
the top of the head of the young, between the parietal ancT frontal plates in the median 
line. Top of head less deeply concave between the eyes than the preceding species. 
Small dermal plates between the dorsal and lateral rows of scutes never tending to form 
oblique rows. Smaller dermal ossifications never tending to become lozengeshax>ed, 
except on the sides of the upper lobe of the caudal fin. Dorsal, lateral, and ventral scutes 
not so closely crowded together as in the preceding species. Average number in dorsal 
row, 10-11 ; in lateral row, 25; in ventral, 7-8; no preanal plates. Mesocentrous very 
early in life and in both sexes. The smaller dermal ossifications can scarcely be per- 
ceived by the touch in stroking the skin between the dorsal, lateral, and ventral rows 
of scutes in a fresh specimen. The species is in fact almost absolutely smooth over 
the unarmored parts of the skin when compared with the preceding. Mouth very 
wide; one-sixth wider in proportion than in the common species. Dorsal, 33; anal, 
19-22; ventral, 17-21; pectoral, 30-31; caudal, 60; lower lobe of caudal long. Peri- 
toneum dark brown, sometimes very dark, so that the viscera are nearly black when 
exposed upon opening the body cavity. Color of the skin above reddish brown; 
nearly white below. 

This species occurs in the Delaware Ei ver, whence the author of its name obtained 
it, somewhere about 1817. Since no absolutely distinctive characters have been yet 
offered by which the species might be recognized, it has afforded me great pleasure to 
supply this lacking information in the entirely new diagnoses given above of this as 
well as the common species. How much m<.re extensive than the Delaware River its 
range may be 1 have no means of knowing, as I have found only one specimen, besides 
the five obtained by myself at Delaware City, which can be regarded as an authentic 
example of the species. This single specimen is in the museum of the Academy of 
Natural Sciences of Philadelphia, and consists of a dried and stuffed varnished skin 
marked in white paint *'84." It agrees in every essential external particular with my 
own alcoholic specimens, but no record of its history is accessible amongst the cata^ 
logues of the collections of that institution; all traces of the old manuscript cata- 
logues of the Bonaparte and the other old collections of fishes belonging to the 
Academy's museum having been lost. I have, however, the strongest suspicion that 
this specimen, which is evidently very old, judging from its present condition, may be 
one of the originals of Le Sueur's description published in the Transactions of the 
American Philosophical Society for 1818, though it does not correspond in minor 
details. That it may possibly be one of the types of the species seems to me not at all 
improbable, from the fact that Le Sueur was also one of the early members of the 
Academy and may have presented the specimen. There can be no doubt of its 
identity with the fresh specimens which I have made out to be the true A. brevirostris^ 
and 1 have, therefore, incorporated it in the list of material which 1 have used to 
frame the specific diagnoses of both forms. The figures of A, brevirostris on Plate I 
of Brandt and Ratzeburg's work, is from a si)ecimeu belonging to the Bloch collection 
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and agrees closely with the dried skin in the moseam of the Academy of Natural 
Sciences of Philadelphia, the lateral line being indicated in the figure as in the speci- 
men mentioned, as a well-marked canal extending across the wide interspaces between 
the lateral plates. The figure reputed to be of this species which was published in the 
plates pertaining to the natural-history volumes of the quarto report on the Fisheries 
Industries of the United States is really that of the adult of the common species. 
The figure intended to represent the common species, var, oxyrhynchus^ in the same 
work, is merely the young of the latter, and the figure of A. ruMcundus is also from an 
immature young specimen, and far inferior to the beautiful etching of the adult, done by 
Le Sueur himself, and published with the same paper in which he described A. 
hreviroatris. I append the original description of that form in order that the evidence as 
to the distinctness of this singularly well-defined species may be made more accessible. 

"2. A. brevirostmm. 

Head large, convex ; snout short, pointed, with a black spot near its extremity ; the 
four beards are fiat, disposed in pairs, and placed nearer the nostrils than the end of 
the snout; nostrils near the eyes, though lower, the posterior one larger than the 
anterior one, which is small and almost round; pupil of the eye round, irides golden; 
the length of the head, from the tip of the snout to the end of the operculum is a fifth 
part of that of the body ; body elongated, with five ranges of tubercles ; back with nine 
tubercles and one at the base of the dorsal fin — these plates are pretty regular, oblong, 
radiated, and surmounte^l with a sharp keel ; sides with twenty-six tubercles, irregular, 
largest on the anterior part of the body, and oblong on the posterior part, the latter 
presenting a small carina. Sometimes one remarks between these tubercles the rudi- 
ments of others ; the plates of the abdomen are oblong and small, on the left side five, 
on the right side three, placed opposite to the center of the former ; before each 
abdominal fin there is a small tubercle; the skin above is of a blackish color, tinged 
with olive, with oblique black bands, and other corresponding ones, of a paler hue, on 
the sides ; the deep color of the upper parts does not transgress the lateral line formed 
by the tubercles; sides reddish, mixed with violet; abdomen white; the fins are of 
a medium size. 

^^ The head, which is remarkable in this species, varies a little in the varieties which 
follow ; in this it is short in proportion to its breadth, between the eyes it is depressed, 
and in width 2^ inches, between the auricular orifices [spiracles] 3 inches, from the 
end of the snout to the eye 2^ inches, length of the whole head 6^ inches ; the auricular 
orifices are situate 1^ inches behind the eyes, and near the rim of the bony shield of 
the head; the plates in general of this species are rugose and regularly radiated; 
the skin which appears smooth, is nevertheless furnished with small spinous asperi- 
ties which render it disagreeable to the touch, and there is a kind of regularity 
observable in the dispositions of these spines, which are scattere<l equally over the whole 
skin ; the regularity is not perceptible in the A. rubicundus and its varieties, the spines 
of which are more numerous and more serrated. 

^< The individual described was a female ; its length 2 feet 9 inches from the tip of 
the snout to the fork of the tail, which was furnished with lozenge-formed plates. 

'^ This species is rare. I have been enabled to behold but two specimens. It 
inhabits the Delaware. 

** First variety. Length 1 foot 7 inches: body with five rows of tubercles, all very 
entire, well defined, and radiated, surmounted with a carina, projecting behind into a 
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spine ; tbe two first abdomiDal plates are imbricated, the remainder at equal distances, 
and seven on each side; side plates twenty-six, dorsal plates nine, and one at the base 
of the fin ; between the dorsal fin and the tail, and likewise between the anus and anal 
fin, and the last and caudal fin, there are sometimes one simple plate, and sometimes 
several plates, in this species ; the head only presents the difference of its snout 
being a little more elevated, and it is not convex between the nostrils ; the small as- 
perities of the body are nearer together and more numerous than in the preceding. 
Inhabits the Delaware. 

^^ Second variety. Dorsal plates ten, including that at the base of the fin, lateral 
plates twenty-three, abdominal seven; all pretty regular and radiated, without carina 
and spines — these plates appear to have replaced those of the first growth, they not 
having been worn or rubbed ; head large, short, and resembling that of the first de- 
scribed of this species ; snout larger and rounder than in the first variety; length of 
specimen 2 feet 4 inches. Taken iu the Delaware. 

^< Third variety. This individual resembled the last in its form and size, but had its 
snout more pointed, flatter above, and more elongated, narrower, and more concave; 
•body with five rows of tubercles, those of the back nine, including the one at the base 
of the fin, regularly radiated, raised into a sbarp keel, ^nd terminated in a central 
point; lateral plates twenty-three, slightly carinated ; the plates of the abdomen are 
seven with a hardly perceptible keel— the form and disposition of the tubercles are 
pretty regular ; between the lateral plates there are several smaller ones. It is very 
remarkable that the left side only of this specimen had a range of eleven tubercles and 
several rudiments of others, situate between the lateral and abdominal rows. Inhab- 
its the Delaware. 

<< This species, which is not the object of a special fishery, is nevertheless more 
sought after, and commands a higher price, than the large common species, which 
attains to the length of about 10 feet. The A, brevirostrum and its varieties are brought 
to the Philadelphia market in the vernal season and fetch from 25 to ''^5 cents apiece. 
They are eaten by the common people only." 

(These last remarks, as to the estimation in which tbe A, brevirostHs was held in Le 
Sueur's time, do not hold at present. It does not seem to be eaten at all by the present 
generation of Delaware fishermen.) 

The foregoing descriptions, based on the five specimens which fell into Le Sueur's 
hands, agree iu all essential respects with my own observations. He gives the color 
perhaps too dark, as is also shown by the skin in the museum of the academy, but 
that specimen shows the dark bluish oblique cloudings or bands which he refers to as 
occurring on the sides, and which are faintly perceptible even below the level of the 
lateral rows of plates. Some of my specimens are much darker than others, deep 
brown on the back, verging to a warmer, richer brown on the sides, but reaching 
only, as he observes, to the lateral rows of plates. 

Le Sueur also distinctly confirms my conclusion that the species is always small; 
his largest example was a female measuring but 33 inches ; the largest one that I 
obtained was only 23 inches long. He also states that it is rare, just as I learned was 
the case upon making an attempt to get a series of examples, all of which were taken 
in herring and aha<l gill nets. The characteristic dark-brown or brown color of the 
animal; its small size, wide mouth, comparatively smooth skin, early maturity, ren- 
der it impossible to question the identification which is thus established. The color 
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alone is diagnostic; none of the yonng of the common species are dark-colored, while 
the characteristic dirty olive green or brownish, with a shade of green in it, is always 
markedly characteristic of the common species at all stages of its growth. Le Snenr's 
incidental remark as to the length of the common species in his day shows, if his 
report signifies an average, that it has since then diminished in size. 

A. brevirostris is never taken in the large gill-nets nsed in captaring the common 
form, for the reason probably that it never reaches a large enough size. This con- 
clusion is confirmed by the fact that sexual maturity is reached much earlier than in 
the common form as is proved by the condition of the reproductive organs of the suite 
of examples iu my possession. Out of the series of five specimens the sex may 
easily be made out by inspection of the young roes and milts of four of them. The 
smallest s(>ecimen even, although only a little over 18 inches In length, has the internal 
reproductive organs far more developed than specimens of the common species of the 
same size. In fact, I have not been able to make out the sex with certainty by simple 
inspection with the naked eye, in specimens of the common species, as large as my 
largest examples of A. brevirostris, measuring 23 inches in length. These data, taken 
in connection with the presence of the long lanceolate median fontanelle or fenestra 
on the top of the head of the sharp-nosed young of the common species, show that the 
latter matures much later and only after becoming much larger than the A. brevirostris. 
The latter probably corresponds to the sterlet of Europe as respects size and pre- 
cocious maturity, but differs entirely from it in its dermal armature, which is essen- 
tially mesocentrous, while in the sterlet the dermal armature is opisthocentrous. 

3. THE DERMAL ARMATURE OF THE BODT. 

The armature of the body and tail is subject to a good deal of variation in both 
of the species of sturgeons found iu the Delaware. This is well shown by the follow- 
ing table, giving the number of dermal scutes found in the dorsal, lateral, and ven- 
tral rows in the young and adults of Acipenser sturio, and in the young and probably 

two-thirds mature stage of A, brevirostris Le S. 

/ 

(The yalgar fractions in this table are used to indicate the nnmber of scates in the lateral and ventral 

rows of opposite sides of the body. ) 



Specimens. 



Nal. A. tturio. 

No. 2. A. tturio 

No. 8. A. tturio. 

No. 4. A. tturio. 

NouS. A. tturio 

No. 6. A. tturio. 

No. 7. A. tturio 

No. 8. A. tturio 

Na9. A. tturio 

Average . 



Dorsal scutes. 


Lateral scutes. 


10 


20 


11 


26 


12 


80 


13 


30 


11 


28 


11 


20 


10 


38 


U 


20 


n 


20 



Ventral scutes. Preanal plates. ! Remarks. 



10 
11 
11 
U 
10 
10 
10 



"* 



28| 



10| 



Present Young. 

— do Do. 

— do Do. 

— do Do. 

— do Do. 

— do I Do. 

. . do i Do. 

— do Do. 

...do I Adult. 
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Specimens. 



No. 10. A. tturio. 



No. IL A. aturio 

Na 12. A. brevirottrit . 
No. 13. A.hreviro9tri9.. 
Na 14. A. hrevirostria . 
No. 15. A. breviroitrii.. 
No. 16. A. hrevirottrU. 



Dorsal 
sontes. 


Lateral 
scates. 


Ventral 
scntes. 


Pectoral. 


Ventral. 


AnaL 


CaadaL 


ToUl 
length. 


10 

11 
12 
11 
(9i) 10 
11 
11 


n 

H 

n 

H 
IS 










90 
00 


If. 

, 2.085 

.49 
.54 
.46 
.58 
.56 
.812 


35 
31 
30 


26 
17 
20 


26 
19 


6a 










31 


21 


22 


60 



Bemarks. 



Adult speoimen 
in Cope's Coll 

Delaware City. 

Do. 

Do. 

Do. 

Do. 

Mas. Acad. Na4. 
ScL, Phila. 



FreqaeDtly the last dorsal scute, jnst in front of the dorsal fin, is divided in the 
median line as indicated in the formula of the dorsal scates of No. 14, or, there may 
be two small scutes partially intercalated between the tenth and eleventh dorsal on 
either side of the median line. 

The contrasts between the dermal armature of the dorsal, lateral, and ventral 
rows of plates is sufficiently well marked to constitute a good specific mark of dis- 
tinction; but these are not the only differences which the integuments of the two 
species present when compared together. 

In the young of A. sturio, the most deeply pigmented portion of the integument lies 
above the lateral row of scutes, while the abdomen presents almost a silvery white 
tint. In the adult, on the other hand, the pigment is extended somewhat farther 
down the sides and becomes different in color; so that instead of being greenish- 
brown, as in the young, there is a more decided greenish or olive tint observable over 
the back and sides. 

The skin of A. brevirostris in specimens up to nearly 2 feet in length is nearly 
smooth, in a fresh specimen, between the dorsal, lateral, and ventral rows of scutes, 
and of a richer and darker brown than in A. sturio. 

In the young of a A. sturio, on the other hand, the skin in the same region is 
beset with minute, retrorse, dermal denticles, having an acuminate tip and a flat ex- 
panded base embedded in the integument. There can be little doubt that the sharp 
tips of these denticles represent, in part at least, the enamel caps of the dermal 
<lenticles of other fishes, while the expanded fiat bases represent the cementum plates 
of such teeth. 

As the animal becomes adult the well-marked roughness or shagreen-like feel of the 
skin in A, sturio, becomes less marked; the fine points or denticles projecting above the 
general level of the integument are no longer observable unless one exerts some pres- 
sure upon the skin, especially along the sides and ventral surface. The small, isolated 
denticles, with their circular basal plates, as seen in the young of A. sturio, are 
replaced in the adult by small lozenge shaped integumentary ossifications standing in 
oblique rows between the dorsal and lateral rows of scutes. The edges of these loz- 
engeshaped pieces approximate each other much more closely than do the edges of 
the basal plates of the small integumentary denticles of the young. It is also clear 
that these latter stand in a genetic relation to the lozenge-shaped plates on the sides 
of the body of the adult sturgeon; that the basal plates of a number of the small der- 
mal denticles of the young have fused together by their edges to form the hirger 
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rhombic scates, just as in all probability the dorsal, lateral, and ventral rows of scntes 
were in part formed, bat at a very much earlier ntage. 

The decreased roughness of the skin as observed in the adult of A. sturio is due in 
part to the erosion of the apices of the dermal denticles and the loss of the acuminate 
tips of the larger scutes, and in part also to the fact that the integument gradually 
thickens and the basal ossifications sink into it more deeply. This is well illustrated 
by the history of the preanal plates. These plates in the young are very obvious 
externally as a closely aggregated group, but in the adult they frequently become so 
deeply embedded in the integument that one must feel for their presence through the 
abdominal walls of this region. 

The gradual loss of integumentary asperities is apparent in other regions in the 
transition from youth to age. This is especially noteworthy in regard to the pair of 
large, nearly rhombic bucklers between the bases of the pectorals just behind the 
isthmus. In the young of A. sturio these bucklers have strong carinsB along their 
inner, longitudinal borders; in the adult, on the contrary, these carinas are quite oblit- 
erated externally. 

The young sturgeon, as a consequence, is provided with a dermal armor which is in 
some respects much more efficient than that of the adult. One is reminded very 
strongly of the strong, sharp spines which are found on the heads and edges of the 
opercles of the young of many strictly marine fishes, where in some forms, such spines 
are so strongly developed as to render it difficult to realize that they are eventually 
suppressed so as to be practically without any spinous defensive apparatus in the 
adult stage. 

That such a change occurs in the sturgeons generally is proved by the very promi- 
nent retrorse spines found surmounting the posterior moiety of each of the dorsal, 
lateral, and ventral plates of the young from 9 to 18 inches in length. 

In still younger stages of A, huso under 2 inches in length, according to the figures 
of Brandt and Batzebnrg, Plate XLIV, Fig. 22, this central, thorn-like portion of each 
of the bucklers is still more prominent tbau in specimens a few inches longer. As the 
animal grows still larger, as in examples oi from 6 to 10. feet in length, the retrorse, 
thorn like character of the median prominence on each buckler vanishes, and all that 
remains to indicate its former presence is a very low conical, or ridge-like elevation 
in the middle of each plate. This change in the external armature of the bony plates 
is due partly to the manner in which they increase in size and partly to the erosion of 
the prominent external median portion. 

The advantage of the markedly rougher armature of the young in the struggle for 
existence is obvious, as it is clearly adapted to render the young animals less conven- 
ient of deglutition or mastication by the more ravenous predaceous forms inhabit- 
ing the same waters. 

The marked difference in external features between the young and the adult has 
invited the misguided attention of systematic writers, chief amongst whom must be 
mentioned AugUvSte Dum^ril, who has divided the genera found in various parts of the 
world upon the basis of the position of the armature of the bony integumentary plates. 
As a little acquaintance with the development of these fishes would enable any one 
to predict, the spinous prominences are found in a posterior position in the small 
species, while in the larger species this prominence is about the center of each plate. 
The groups, Opisthocentres and Mesocentres, of Dum^ril are therefore founded upon more 
Bull. U. S. F. C, 88 IG 
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or less anreliable and transient characters, as is proved by the fact that apwsrd of 
forty American species have been discovered by this reckless author amongst the ma- 
terials preserved in the Museum d'Histoire Xaturelle at Paris. The actual number of 
American species of sturgeons is seven, according to Jordan and Gilbert (Synopsis 
Fishes, N. Am., p. So), and probably even less according to these authors. The fictitious 
species, A. oxyrhynchusj has clearly been based for the most part upon the young 
of A. sturio^ as is shown by some of the reputed figures of the former. Befening to 
theonginal description by Mitchill of A. oxyrhynchuSj it is clear from a letter which he 
quotes from a Mr. De Witt, that then, as now, it was supposed by some of the fisher- 
men that the sharp-nosed, small sturgeons were a distinct species. This belief is 
widely prevalent amongst the sturgeon fishermen of the Delaware River, where the 
young animal is popularly known as the ^^Mamoose," probably an Indian name, as 
I hear from my friend Mr. John Ford. 

It argues very unfavorably for the sagacity of Mitchill that he should have omitted 
to note that in the young, sharp-nosed forms, the roe is never developed to maturity. 

Only one large exampleof the long-snouted form amongst hundreds of specimens of 
A. Mturio has fallen under my observation, and this specimen did not appear to me to 
be essentially different from the usual blunt-nosed adult form, except in a proportion- 
ally longer snout. Further observation also showed that no two individuals presented 
exactly the same form and proportions of the snout and head ; it is therefore clear that 
the Adpenseridce are variable to a high degree, and that the selection of a marked vari- 
ation as the type of a distinct species, without the study of a great many specimens, 
is to 8a3' the least, a very unscientific proceeding. The extreme rarity of adult 
instances of this variation is further proof that it is scarcely fair to consider it a sub- 
species, especially since it is known that such individuals are taken in association with 
the usual form of A. sturio. 

A careful study of the dermal plates of the young of A. sturio shows that they 
increase in breadth and length in the course of further jjrowth, to some extent, at least, 
by the fusion of the basal plates of the dermal denticles to their edges. This is also 
very evidently shown by their greater height as compared with their breadth in still 
younger specimens, as shown by the illustrations of tbe very young of A. huso given 
by Brandt: and Ratzeburg. This method of their growth is continued until the dermal 
plates measure 3 or 4 inches across, so that as a result the growth in length and 
breadth is much more rapid than their growth in height. This method of growth 
also serves to explain in what manner the distinction between the opisthocentrous 
and mesocentrous plates arises; as a consequence, it is easy to see that there can be 
no hard and fast line between the one and the other form, both being merely younger 
and older stages of the development of the dermal plates. 

This conclusion may be still further fortified by the circumstance that it is only the 
species which are smallest that are markedly opisthocentrous, while the larger are 
mesocentrous, as shown by I)um6riPs own comparisons. 

Of what value such characters are in classification may safely be left to those who 
have the proper njorpholo<rical training to use them with discrimination. That these 
characters have not b(»en used with discrimination is shown by the remark (Jonlan 
and (filbert, Synopsis Fishes, X. Am., p. 85), that *'the same species at different ages 
may frecpiently belong to two or more of these subgenera," meaning those proposed 
by Dum^ril. 
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The figares of the yoaDg of A. ruthmusj the sterlet, given by Zograff, Figs. 19, 20, 
and 21, sbow that the dorsal scutes are developed before the lateral or ventral. This 
is also shown by the young of A. huso, figured by Brandt and Batzeburg, but in not 
so marked a manner. The young of A. ruthenusj figured by Zograflf, also shows that 
the scutes develop froiA before backwards. That is to say, there are as yet no fulcra 
shown on the dorsal margin of the tail, nor does the lateral series of scutes extend 
much beyond the vertical from the anterior end of the dorsal, as seen in Fig. 21. 

The tail is, in fact, fringed above and below only by fin-fibers or a^tinotrichia, such 
as are usually the supports of the fins of young fishes. The narrow scutes or over- 
lapping fulcra of the dorsal margin of the tail are developed later, and derive their 
origin in the main from tissue elements which lie deeper than those which give origin 
to the aotinotrichia and ultimately to the fin-rays proper of the adult. 

I am not inclined to agree entirely with Zograff as to the method in which the dor- 
sal scutes are developed, as given in No. 29, cited in the list of papers at the end of 
this monograph. In other fishes the actinotrichia or fin-fibers become embedded in 
the calcifiable matrix deposited around them, as my studies upon the development of 
the fin-rays of the salmon prove. That the scutes of the dorsal mcilian line in stur- 
geons do develop partly at the expense of the embryonic fin-fibers is doubtless a fact, 
but that they are the sole basis of origin of the calcifiable matrix of the scutes in these 
forms does not seem probable, judging by what is known of the rays of other types. 

The so-called *' fulcra-' of the lower side of the caudal, at its anterior end, are not 
true fulcra, but ordinary fin-rays much modified. The same remark applies to the 
anterior elements of the dorsal. They are best developed in the adult in which they 
are much oliscnred by the increased thickness of the integument in the fully developed 
animal. 

4. THE OROAHS OF LOCOMOTIOH. 

The principal organs of locomotion are not the pectoral and ventral fins of the 
sturgeon, as might be inferred upon superficial ins(>ection, but rather the powerful 
heterocercal tail, together with the dorsal and anal fins. The paired fins are subor- 
dinated in the main to the business of maintaining the equilibrium of the animal, that 
is, to keeping the dorsal aspect directed upward, and the ventral aspect turned in the 
opposite direction. 

The quite young sturgeon, as shown by the appended Figs. 13, 14, 16, and 18, has 
a continuous dorsal and anal finfold the same as larval Teleosts. In other words, 
the sturgeon passes through a protocercal stage, as it was termed by Wyman, or a 
lophocercal condition, as the same stage has been called by the writer. Later, this 
continuous fin-fold finds support from within by the development of a continuous 
series of what have been inaptly called horn fibers, and which the writer has named 
actinotrichia. A large part of this continuous fold is absorbed and fails to develop, 
and only three portions persist and undergo further differentiation and growth as the 
dorsal, anal, and caudal fins. 

The dermal rays which are most obvious and easily counted in the dorsal, number 
fh>m forty to forty-four in the adult sturgeon, and are about the same in number in 
the young of 7 inches in length. These rays are derived, in part at least, from the 
actinotrichia mentioned above. They support only the outer thin portion of the fin, 
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the rays of which are jointed at close intervals in the adult, bat in the yonng the 
joints in the individaal rays are fewer. 

The dermal rays of the dorsal are supported at their lower ends upon aboat thirteen 
cartilaginous neural bars or processes which do not in turn rest in immediate oontact 
by their lower ends upon the neural arches. The lower ends of the series of carti- 
laginous rods which support the dorsal flu extend over about five neural arches with 
theirjntercalary pieces. 

The twenty-six to thirty dermal rays of the anal fin are supported on aboat ten 
cartilaginous hremal processes, and these in turn are supported proximally by aboat 
four pairs of cartilaginous hsemal arches and intercalary pieces. 

In the lower lobe of the caudal, that is, below the posterior part of the notochord. 
to its termination, in the caudal fin, there are about ninety dermal rays in the oom- 
mon species. These are supported on about twenty-five cartilaginous haemal proc- 
esses, which diminish in size toward the end of the tail so as to appear as if totally 
degenerate toward the last of the series. On the dorsal side of the caudal a series of 
fhlcra are developed; these are merely a continuation of the more anterior series of 
median dorsal plates the development of which has been modified. The reason for 
this conclusion is the fact that, as Zograff has shown, in A. ruthenWj the dorsal series 
of scutes develop in the median fin-fold, which involves actiuotrichia embedded in the 
membmnous portions of the fold which intervene between the sharp tips of the scates. 
The latter also in the earlier i)ost-larval stages overlap much as do the scutes known 
as ''fulcra*" along the dorsal margin of tbe tail. These facts are of the greatest pos- 
sible significance as giving us a more comprehensive view of the origin of the 
80-i*;illeil fulcra of ganoid forms. This much is at least assured, viz, that the methoil 
of evolution of the fulcra in all ganoids will be found to be essentially the same. That 
the deiluetion reached above is true is further fortified by the fact that in young stnr- 
geons 7 inches long there are present true primitive fin-fibers or actiuotrichia behind 
the last formed fulcra and inclosed within tbe persistent continuation of the median 
dorsal tin fold over the tip of tbe tail. Actinotriohia or primitive fin-rays are certainly- 
involved in this process, to wbiob other calcifiable matter is doubtless added in the 
later development of scutes and fulcra. The pbylo«;reuy of tbe fulcra as displayed by 
the starj:ei>n, by ChowirosUus and Crossf'^pholis, the extinct sturgeons, is significant of 
how such consecutive mollifications arose in other forms. 

Tbe further coucUisioii which is of some importance lix^m a morphological stand- 
IKMut. is the fact that tbe main partsof tbe fulcra are not wholly comparable with true 
fin-rays, but are derived from the cells ot a deeper pv^rtion ot tbe con urn, which, a$ in 
the cas<* of the lai iXe lateral, ventr.il, and dorsal scutes, involves tbe very deejH-st layers 
of the iureiTUinent. Few or no true primitive tiu-rays therefore persist alou;; the dor- 
sal margin ot :be :a:l. except at its extreme posterior extn-mity. The inferior side of 
the caudal ti:i may therefore Iv said to be the o\\\\ p«>rt;oii which supports true -soft"* 
rays. The expr^^ss:.>!is -upper" and •• lower lo'u-" are tht-reforr simply names for 
par:s o: the caudal w:::oli ^M:i.i in dorsal and h:e:nal relation to each other, ami have 
no real morphoIo^:ca' s'.^:r::oance. f.^r even ::ie rays of rhe upt>er anil lower lobes of 
the caudal of syiu:ne::iva!!y ;: ^nuveiva! torrns are really ventral to the primitive cau- 
dal axis or notivli •:»:. I:: :!.e a^lul: s:n:;:eo:i rir.^i arrangement cU-arly pt-rsists m a 
ivmi\Ara':ve!y o:v.l»ryo:i:c rornu WL:h M of the :rue liu-rays in a ventral pi.>sinon. 
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The efficient portion of the caadal as a propelling flange is therefore in the main 
the wide inferior part supported by the jointed rays. The axial support and muscu- 
lature of the tail are much nearer its dorsal than its ventral border. It results irom 
this that the inferior flange or membrane of the tail, with its supporting rays, as it is 
swayed from side to side, is made to act in much the same way as an oar in sculling. 
The development of the wide inferior lobe of the tail has also effected an upward flex- 
ure or adjustment of its axis and musculature which could not, for mechanical reasons, 
have happened if the dorsal fln-fold had been as wide as the ventral one. This view 
seems to be proved by the chorda or axis keeping its perfectly straight primitive posi- 
tion along the center of the spatulate or diphycercal tail of Protopterus and Oeratodusj 
where the dorsal fold, with its rays, is as wide as the ventral one. This view is further 
strengthened by the fact that the tail of the embryonic sturgeon is spatulate or 
diphycercal, with the end of the notochord dividing it into two equally wide dorsal 
and ventral moieties, as shown in Plate V. That is, the tail of the sturgeon, in the 
beginning, is of the same type as that of Ceratodus. The cause of the upward flexure 
of the axis of the tail of Acipenser is, therefore, to be sought in whatever it was that 
induced the absorption or reduction of the dorsal fin-fold and the persistence of the 
ventral or inferior fold. The cause of that variation began to act early in the line of 
the true fishes since we for the first time detect it obviously manifested in Ohinuera^ one 
of the lowest types where the inferior fold begins to widen, and as a result we have the 
first faint inklings of the heterocercal state, that is, the posterior extremity of the 
notochordal axis is slightly bent upwards. This adumbration of the heterocercal condi- 
tion in Ohimcera is pronounced in proportion to the degree to which the difference in 
width between the dorsal and ventral finfolds of the caudal is developed. This seems 
to be a rule or law of caudal differentiation in fishes. 

The origin of the mechanism in question can not, however, be understood without 
reference to the mode in which its functional use would continually tend to intensify 
the heterocercal condition, premising, of course, that some antecedent cause tended to 
widen the inferior caudal fold to begin with. That antecedent cause we do not know 
nor can we do more than guess what it may have been. The conditions under which 
the tail fin is used in life is similar to that of an oar in sculhng, and it is quite plain 
that the parallelograms of force which are thus developed by the interaction of the 
tail moving laterally and alternately in opposite directions against the resistance of 
the surrounding water must bring about a constant tendency to induce an upward 
flexure of its notochordal axis. This effect can actually be imitated by means of a card- 
board model, cut out in the form of a heterocercal tail and vibrated from side to side 
under water. In this manner onl^ can the origin of the heterocercal form of the tail 
of fishes be explained. Natural selection is utterly incompetent to do so, because it 
must first explain the concurrent or simultaneous variation of about six thousand 
species belonging to no less than three independent phyla. If the tendency was all 
in the same direction, in three independent series, composed of a multitude of species, 
it involves the conclusion that there was no selection. The effect is manifestly the 
result of a habit of movement the initiation of which may, in part at least, be ascribed 
to the intelligence of the creature manifesting such a habit. 

The soft or jointed rays of the sturgeon, as well as of all other soft-rayed fishes, owe 
their jointed condition to the interaction between the fins and the resistance offered 
passively by the surrounding water. This conclusion might be demonstrated beyond 
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any possibility of question were this the proper place to discass the matter. At any 
rate, I now possess irrefragable evidence of the truth of the conclusion that some six 
thousand species of living forms furnish a demonstration of Lamarck's theory that the 
use of an organ may and does modify its structure, or that the actions of an animal 
react upon its structure, and modify the latter in the same way at every succeeding 
generation. Whether these modifications are inherited is immaterial, since the doc- 
trine of the direct effect of use and disuse is now demonstrable, and with all the rigor 
of method required in proving a proposition in Euclid. 

6. THE VISCEBA OF THE STUBOEON. 

The abdominal viscera of the sturgeon embrace only, as here considered, the 
alimentary canal and its api)eudages. The appendicular organs derived from the ali- 
mentary canal are the liver and gall-bladder, pyloric apparatus, and air-bladder. 
The organ mentioned by anatomists as pancreas in the sturgeon is not a diverticulum 
of the intestine, but belongs to the series of ductless glands, and therefore represents 
the milt or spleen, and is of mesoblastic, not of hypoblastic origin, as would be the 
case were it a true i)ancreas. 

The alimentary canal proper is differentiated into three very clearly defined 
regions. 

The first of these is the oesophageal portion, and extends as far back as to the 
opening into the air-bladder. It is the narrowest portion, and leads directly out of the 
branchial or pharyngeal region, beginning with the fifth and smallest and most poste- 
rior of the five branchial arcbes. The branchial arches as they narrow by degrees 
from the first to the fifth form a kind of funnel-shaped framework which directs the 
food into the anterior end of the oesophagus or gullet. The gullet proper is then 
soaiewhat narrowed at a short distance from its anterior end, and upon being laid 
open is found to be covered within tor souie distance, with backwardly-directed, soft, 
flesby processes, into which its mucous membrane is elevated. At some distance, in 
its course farther back, its lining membranes again become smooth, but slightly 
folded longitudinally, and at a distance of an inch from its commencement, in a young 
specimen 9 inches long, it curves upon itself over to the left, and then forward and to 
the right, forming a loop, and becomes more spacious. At the ])oint mentioned it in 
fact widens into the stomach, which lies slightly to the right of the median line. The 
stomacb, especially at its pyloric end, is found to have very thick walls. This feature 
is so strongly marked in the adult that the organ acquires to a striking degree some 
of the characteristics of the muscular stomach or ''gizzard'' of a bird. This portion 
of the stomach of the sturgecm is, in fiict, referred to by the fishermen in some local- 
ities as the "gizzard," no doubt on account of this resemblance. 

Immediately following the thick-walled stomach proper there occurs a very marked 
constriction of the alimentary canal. Tbis constriction corresponds to the pylorus of 
other vertebrates, and also marks the beginning of the duodenal portion of the ali- 
mentary canal, into the upper portion of which the pyloric apparatus or pancreas and 
liver discharge their secretions. 

Just behind the constricted pylorus proper a fold of the wall of the upper end of 
the duodenum is developed, which partly conceals the three wide openings into the 
pyloric apparatus or pancreas. 
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The pyloric apparatus is so obviously a diverticulum of the Intestine that it may 
very appropriately be considered at this point Three very wide openings lead from 
the dextral and ventral sides of the upper end of the duodenum into the pyloric 
apparatus, showing that this organ, in its simplest embryonic form, must be regarded 
as a system of pyloric appendages, three in number. Further examination shows 
that the three primary pyloric diverticula have become divided at their terminations 
ii8 development proceeded into a number of ciecal pouches after the manner of a com- 
pound, racemose gland. These branches of the original three diverticular, however, 
remain invested by a solid tunic of connective tissue and peritoneum, so that there is 
but little indication externally that the internal structure of the pyloric apparatus is 
that of a system of branching csecal tubes. In the young animal this outer tunic of 
the pyloric apparatus though quite thick is not nearly so thick as in the adult. 

The attachment of the pyloric apparatus in the fully developed animal embraces 
about half the circumference of the duodenum. 

The expanded distal end of the pyloric apparatus is attached by fibrous cords 
(originally derived from the mesentery) to the posterior side of the terminal part of 
the stomach. The external form of the pyloric apparatus is that of an irregular len- 
ticular body, the longest diameter of which is antero-posterior, with a narrower trans- 
verse diameter. The long diameter of the pyloric apparatus in the young of 9 inches 
is three-fourths of an inch, the short diameter onehalfinch. The thickness of the organ 
in a vertical direction is about one-fourth inch in the young of the size mentioned above. 
It fits into and lies partly embedded in the first loop of the alimentary canal, formed, as 
above described, by the oesopbagus, stomach, and upper end of the duodenum. Upon 
opening the body cavity the pyloric apparatus is one of the most conspicuous structures 
brought to view, as is shown in the accompanying figures 27, 52, and 53, which show 
its relations far better than can be done in a lengthy description. 

In young sturgeons, 9 inches long, just as the (esophagus begins to widen and pass 
into the stomach, and at a point about 1^ inches from the point where the gullet 
begins as a continuation of the pharynx, it gives oft* a very important dorsal divertic- 
ulum — the air-bladder. This organ communicates by way of a longitudinally widened, 
but short canal, known as tbe pneumatic duct, with the oesophagus, and is closed by a 
sphincter muscle, while muscular fibers radiate from the edges of the passage and 
traverse for a little distance the ventral walls of the air-bladder or pneumatocyst. 
The pneumatic duct joins the pneumatocyst at its anterior fourth. 

The whole air-bladder has a compressed, oval form as viewed from above, and its 
thin walls may be distended so as to fill nearly one-third of the body cavity. The 
convex dorsal wall of the air-bladder lies in direct apposition to the body-wall, little 
or no peritoneum intervening, while its lower convex face is covered by a peritoneal 
investment which is continuous in the median line with the mesentery and at the 
edges of the air-bladder with the inner serous covering of tbe muscular wall of the 
belly. The air-bladder extends for two-fifths of the length of the body cavity. Its 
walls are quite thin in the young, except at the entrance of the pneumatic duct; in the 
adult they are relatively somewhat thicker, while the coating of peritoneum and con- 
nective tissue is also thicker. In a large sturgeon the capacity of the air-bladder 
would probably exceed 2 gallons; its walls are smooth, glistening white, and not vas- 
cular, thus contrasting markedly with the structure of the same organ in Lepidostem^ 
in which the highly vascular transverse trabecular give to the organ the aspect of a 
rudimentary lung. 
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The economic use to which the air-bladder of the Btorgeon is applied makes it 
of some interest to know how it is treated when it is intended to prepare fish gla^f 
ichthyocoUa or isinglass, as its gelatinous product is called, when isolated for oom- 
mercial parposes. The air-bladders are removed and the peritoneal and connective 
tissue coverings carefully scraped off. The bladders are then dried and afterwards 
treated in a digesting apparatus to extract the gelatine which they contain. 

In the young sturgeon the course of the remainder of the intestinal tract is oom- 
paratively simple, and it maintains the same arrangement in the adult, except tiiat 
the proportional length of the duodenum, small intestine, and spiral valve are not the 
same. In the young the duodenum is proportionally longer than in the adult, and 
the same may be said of the small intestine. 

The duodenum extends from the pyloric valve or origin of the pyloric apparatus, 
backward and slightly to the left as far as a little beyond the beginning of the poste- 
rior third of the abdominal cavity, where it suddenly bends upon itself and passes 
forward to the right. This anteriorly deflected limb, or continuation of the duodenam, 
is the homologue of the small intestine of higher forms. It ends abruptly at the point 
where it passes into the hind-gut or spiral valve. The caliber of the spiral valve is 
somewhat greater than that of the small intestine and duodenum. 

The spiral valve is formed by a spiral fold which is developed along the walls of 
the hindgut of the embryo. 

Beginning at the point where the small intestine bends upon itself abruptly to 
pass into the region of the spiral valve which takes a course straight backward, the 
spiral fold is seen to turn from left to right, or in the direction of the hands of a watch 
or dextral. The spiral fold makes seven complete turns or revolutions in the hind- 
gut, the last turn extending almost to the anus. In Lepidostetis there are but one and 
one-half turns in the spiral valve, and it does not extend to the anus. In Ohimmra 
there are three turns in the rudimentary spiral valve; in the Dipnoans it becomes 
more developed, and in the Selachians reaches the maximum number of turns, though 
it would appear that the spiral valve in young embryos (Mtistelus) have but three 
turns, while in the adult there are seven, so that at least four are added during the 
later develojunent. This recapitulation by the embryo Selachian of the permanent 
condition found in Chimcera is interesting as throwing some light upon the phylogeny 
of the spiral valve. The function of the spiral valve is to increase the surface of the 
mucous membrane brought in contact with the intestinal contents without lengthen- 
ing the intestine itself. 

The minute structure of the hind-gut or spiral valve is of considerable interest on 
account of the remarkable development of lymphoid tissue which is found along the 
edge of the spiral fold. In cross-sections of the intestine through the region of the 
spiral valve, the edge of the latter is found to be so greatly thickened as to form a 
cord like swelling along the whole extent of its free margin. When this thickened 
margin is examined microscopically it is fonnd that its thickening is due to the pres- 
ence of a strand of lymphatic tissue, subdivided by partitions of fibrous tissue into 
nodules, so that it presents a strong resemblance to the structure of the lymphatic 
glands found in certain parts of the bodies of higher animals. The resemblance to 
the lymphoid nodules of Peyer's patches in the walls of the ileum of higher forms is 
also suggested, and the presence of the largest lymph cells gorged with nutritive sub- 
stances along the surface of the glundular cord of the spiral valve of the sturgeon 
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shows that the cells of this tissae are active here, as in other forms, in taking ap the 
nutriment from the food which passes through the alimentary tract. The mucous 
membrane of the spiral valve is covered with villi, which are as well developed over the 
sides and edge of the spiral fold as upon the proper wails of the intestine of this 
region. The relations of the parts described are well shown in a cross-section of the 
region of spiral valve represented in Fig. 47. 

The mesentery which suspends the hind gut, or spiral valve, to the dorso- median 
line of the body-cavity is entire, and six or seven blood-vascular branches are given 
off from the posterior mesenteric artery which take the curved spiral direction of the 
spiral valve after they reach and' traverse the wall of the intestine. The mesentery of 
the hind gut is nearly one-fourth of an inch wide in a young fish 9 inches long. Farther 
forward at the V-shaped loop formed bythe duodenum and small intestine together, 
the mesentery is much wider, and at the apex of the loop is perforate, and in this 
widened part of the mesentery of the last loop the spleen is embedded as a V-shaped 
glandular mass, having the same general curvature as the intestinal loop itself. The 
histological structure of this organ leaves no doubt of its spleen-like nature. 

Still farther forward the dorsal median mesentery becomes narrower, so that the 
alimentary canal comes to lie in immediate contact with the dorsal wall of the abdom- 
inal cavity. Below, the median anterior ventral mesentery gives passage to the por- 
tal vessels from the liver, which pass to the auricular end of the heart. The Cuvier- 
ian ducts pass downward through the pericardium on either side of the oesophagus to 
join the venous end of the heart, thus collecting all the blood from the systematic cir- 
culation to return it to the heart. This is spoken of here since the pericardium, on its 
posterior face, is continuous >^ith the serous lining of the body-cavity and the ante- 
rior median mesentery. 

The liver is the largest glandular viscus of the young sturgeon, and it is lighter 
colored than in the adult. Its right lobe is considerably larger than the left, and both 
lobes have their thin posterior and inferior margins reflected over the pyloric end of 
the stomach. The gallbladder lies in a fossa, or depression, on the median face of the 
right lobe, and between the latter and the thick-walled pylo ric end of the stomach. 
The anterior portions of both the right and left lobes of the liver are so conformed 
to the shape of the anterior part of the boily-cavity as to fit with great nicety to the 
configuration of the lateral walls of the abdomen and pericardium in this region. 

The histological structure of the liver of the sturgeon has not been investigated 
by the writer, as it has not been the purpose to deal with especial minuteness with 
organs the functions and character of which are well known. The minute structure 
of the ^^ pancreas " (so called by Weidersheim, Lehrbuch der Vergleichenden Anatomic, 
second edition, 1880, pp. 533-535), but correctly identified as the milt, or spleen, by 
Brandt and Ratzeburg (Medizinische Zoologie, 1833), is of more interest, since it dis- 
plays the typical structure of spleen in a very simple form. In a matrix of lymphoid 
tissue, lymphoid nodules, or masses, very irregular in form, are embedded and trav- 
ersed by blood-vessels. In sections of the organ, before staining and clearing is 
resorted to, very characteristic globular cells are found embedded in the lymphoid 
nodules of the organ ; these cells are uniformly granular, opaque, and quite unlike the 
rest of the cells of the organ, and about tlii^ee times as large as the usual type of cells 
which form the greatest proportion of the spleen pulp. They are very numerous in 
some of the lymphoid nodules, less so in others; the granules which they contain are 
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quite small and aniform in size, but mach smaller than the blood corpascles of the 
animal. No traces of a racemose, glandular strnctnre is visible anywhere in sections 
of the organ, sach as would be necessary in order to constitute it a true pancreas. 

The viscera hitherto considered lie either altogether, or for the most part within 
the body^cavity, as the air-bladder, for example, and all are intimately connected with 
or form a part of the alimentary apparatus. The ovary and testis which are to be 
next described lie within the body-cavity, but their functions are carried on in connec- 
tion with passages or outways, the genito-urinary canals, which lie immediately exter- 
nal to the genera] body-cavity, and just dorsal of it on either side of the median line. 

The great size of the ovary and testis or milt in the adult contrasts most remarka- 
bly with their small size in the young animal, 7 to 9 inches long, in which the internal 
generative organs, ovary and spermary, are -represented by a pair of very slender 
whitish cords or low folds which lie on either side of the mesentery and on the dorsal 
wall of the abdominal cavity and diverge from ea<*h other from behind forward. Pos- 
teriorly, as shown in the Figs. 51 and 52, the genital folds R, as the rudiments of the 
reproductive organs may be called in the young sturgeon, lie just internal to the course 
of the spacious genito-uriuary ducts which converge to a common median outlet situ- 
ated immediately behind the anus. They do not extend for the whole length of the 
abdominal cavity, but only along the middle half of its length. 

In this first stage of the development of the reproductive tract there are protova 
present, as the first traces of the reproductive elements are called, and which in the 
early stages are very similar in both the ovary and the testis. 

The reproductive elements are derived from the germinal epithelium of the genital 
folds; this epithelium, however, covers only a small portion of the surface of the genital 
folds and only becomes distinctly marked off to the naked eye at a considerably later 
stage. At this stage the tract of genital tissue is a more distinct, flattened, yellowish 
cord than in the younger 7-inch stage, and varies in width from one-eighth to one- 
fourth of an inch. On its inferior side in the young female there is present a well- 
marked band of closely opposed transverse ridges which extend across about one-third 
or one-half its lower surface. This series of transverse ridges is guarded by a flap 
or fold at either edge, and sections show that the ridges contain the young ova. The 
development of the testis does not show this longitudinal series of short transverse 
folds at any stage, in cross-section at this stage, the reproductive tissue proper is 
found to include only about one-fourth of the whole genital fold, the remaining part 
of the organ being composed of minute undifferentiated connective tissue which con- 
tinues to grow for some time, and represents the homologue of the fatty body appended 
to the internal reproductive organs in anurous batrachiaus and reptiles. The numer- 
ous transverse ridges which are found on the inferior side of the genital cords are in 
fact parallel laminne which extend down into the substance of the organ for about half 
of its thickness. These laniinie are far more numerous at this stage than the lobules 
of the mature ovary, so that it is obvious that some of them must degenerate in the 
course of the further development of the organ. 

The subsequent stages by which the genital ridge is converted into the ovary or 
testis with an accompanying establishment of the sex of the individual has not been 
fully traced, but it is certain that the conditions observed in the stage last described 
are not much subsequent to the time when the protova or primitive germinal cells 
common to young individuals of both sexes, first make their appearance. The method 



THE STUBGEONS AND STURGEON INDUSTRIES. 251 

of the farther differentiation of the protova and the manner in which the small laminsB 
with the involuted germinal epitheliam between them becomes indifferently converted 
into ovarian lobules or seminiferous tubules remains to be worked out. 

All of the data bearing on the development of the internal reproductive organs 
given above have reference to the common sturgeon, A. sturiOj but I fortunately 
happen to be in possession of materials from young individuals of the smaller species 
A. breviroHtriSy which will probably throw light upon this aspect of the subject. 

All of the young specimens of A. brerirostris which I have been able to obtain 
show the internal reproductive organs in a more advanced condition of development 
than young individuals of A. sturio of the same size. In A. brevirostris measuring 
from 18 inches to 2 feet in length the sexes could be very readily distinguished, since 
the internal reproductive organs were either testes or ovaries according to the sex. 
In the ovaries the young ova were distinguishable as such in the ovarian tissues, with 
a pocket lens, and in the males the testes had assumed the opaque pinkish-white tint 
of those organs in the adult male. In the young female of A. bremrostris, however, 
the young ova had not yet shown any tendency to develop pigment granules within 
their superficial protoplasm ; in other words, they were found to be of the same very 
pale amber color as the completely spent rocs of the adult female of A. sturio. The 
young male of A. brevirostris showed the seminiferous tubes of the testes developed, 
but there were as yet no signs of the production of spermatozoa in sections of the 
organ. 

In both sexes of the young of A. brevirostris the reproductive organs, both ovary 
and testis, are found embedded in depressions on the inner face of a rich, creamy- 
yellow body which is considerably more voluminous than the reproductive tissue itself. 
This yellow body is composed in great part of fatty tissue, and there is but little 
doubt that it is developed from the non-reproductive portion of the genital fold lying 
on either side of the tract of transverse laminse already described as being found in 
a much earlier stage of the reproductive organ in A. sturio. 

The later history of this fatty body shows that it does not keep pace with the 
growth of the proper reproductive tract, which becomes more and more voluminous as 
sexual maturity is i*eached until the ovary becomes the bulkiest organ in the body- 
cavity, as shown in the ventral view of the adult female with the nearly mature roes 
exposed, as shown in Plate LI. In the mature male there is relatively more of the 
fatty body present than in the female, in which it is completely concealed from view 
by the great size and width of the lobules of the ovary. What remains of the fatty 
body underlies, and is closely adherent to, the basal membranes by which the ovaries 
and testes are suspended to the dorsal walls of the abdominal cavity. These mem- 
branes form a mesovarium and mesorchium in the female and male respectively. 
These structures are, in both cases, derived from the basal part of the genital folds, 
which remain narrow at the base in cross-section, while the reproductive tract widens 
and becomes very voluminous at its distal end and depends into the abdominal cavity. 

Tlie changes which take place in the course of the development of the roes to 
maturity, as a result of the increase in the size of the vast number of ova of which 
they are largely composed, is of great interest. While the young ova are still em- 
bedded in the narrow ovarian lamellae they show a tendency to aggregate the yolk 
material at one side, while the globular nucleus, with numerous chromatin spherules 
adherent to its walls in a single layer, is more or less peripheral in position. As soon 
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as the OTum has reached the size of ODe-handiedth of an inch the naclens is obTHMisIy 
shifted from itsoeDtral positiou. From this time onward the ova present much the 
same appearance till sometime after the period when they reach somewhat more than 
one-half the diameter of the mature egg. They then begin to show signs of ^g*- 
mentation which vary in amoant, as already stated, in different individnals. This 
pigment, like that fonnd in the ovnm of the frog, is mostly superficial in its distriba- 
tion and consists of minute granules, nearly opaque, which form a thin stratum just 
beneath the egg membrane and embedded in the superficial protoplasm. This pig- 
ment is also finally distributed, in varying quantity, at different points at the surfiMse 
of the eggf so that the darkened discoidal germinal area is marked out by it, as shown 
in Figs 1 and 2. This definite distribution of the pigment is accomplished by the 
time the ovary reaches its maturity when the whole organ assumes its characteristio 
dark color, due to the presence of the pigment in the individual eggs. 

Sections of the mature roe show that each egg is Inclosed in a vascular capsule or 
follicle in which it reaches its full size. A thick homogeneous egg membrane is de- 
veloped just external to the pigmented layer of the ovum. This membrane resists 
the action of carmine and remains colorless when treated with an alkaline solution of 
that dye. A layer of substance just external to the egg membrane and of about the 
same thickness is readily stained by carmine. This outer layer is the partly soluble 
glairy substance by means of which the ovnm adheres to foreign bodies, and which 
finally hardens and cements them firmly to whatever they touch. The next layer is 
the vascular capsule or follicle which is traversed by a delicate plexus of capillary 
vessels which nourish the maturing ovum. This follicle is finally ruptured when the 
ovum drops into the abdominal cavity, from which it escapes by way of the genito- 
urinary passages presently to be described. 

The ovaries, after the ova have been discharged from their follicles, present a 
shredded or torn appearance. This is due to the presence of the great number of col- 
lapsed egg follicles and to the more or less degenerate vessels which traverse the 
stroma or supporting substance of the tissue of the ovary, and which are undergoing 
retrogressive changes. These retrogressive processes, after the ova which have been 
matured for that season have been set free, go on until the ovary again contains 
nothing but very immature eggs, each of which must grow greatly in size in order to 
bring up the ovary to the size it had reached before ovulation began. Since the 
" spawning,'' as the process of ovuhitiou is called, takes place but once a year, it is 
clear that it is a periodic phenomenon, just as the process of ovulation is even amongst 
higher animals. There is a period of preparation for the business of ovulation, and 
this begins for the next year with the cessation of tlie process for the preceding sea- 
son. This preparation involves the collapse and diminution of the caliber of the blood- 
vessels which have supplied the ovary during its period of greatest functional activity, 
and also the absorption of the ruptured follicles in which the last crop of ova were 
matured. 

Some few mature ova do not seem to be discharged at all, but undergo absorption 
within the follicle, together with their enveloping membranes or zonie radiata, and 
glairy coverings of mucigen. Such degenerating ova, in sections of the '* spent" recu- 
perating roe, are found to contain a large yolk mass somewhat irregular in form and 
thrown into folds or wrinkles superticially with the pigment granules not aggregate<l 
at the surface, but irregularly distributed throughout the substance of the yolk mass. 
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The oatgoing passages from the abdominal cavity are somewhat difSoalt to ander- 
stand without reference to Figs. 51 and 52, to which the reader's attention is directed 
in the accompanying Plate LVIIL ^he ovidacts of the sturgeon (Milller's ducts) open 
into the abdominal cavity by capacious funnel-shaped months on either side of the air- 
bladder. They open forward and are so spacious at their anterior extremities that 
the whole hand may readily be thrust into them at that point in the adult fish. They 
gradually narrow in their backward course and extend for a few inches only as sepa- 
rate canals which overlie the more deeply embedded urinary passages iuto which they 
open at their posterior terminations. After the oviducts open into the urinary pas- 
sages, from that point backwards the latter become properly entitled to the designation 
of genito-urinary, since they then form a common outlet for the escape of the renal 
secretion from the Wolffian body as well as the generating products set free by the 
ovary. The common genitourinary passages of either side are then continued back- 
wards till they become confluent near the vent, just behind which they open to the 
exterior. 

In the male the arrangement appears to be somewhat different. The spermatic 
ductA from each testis open directly into the urinary duct (segmental or Wolffian 
duct), though the oviducts are also well developed in the male and not at all rudiment- 
ary as in the males of higher animals. The spermatic secretion or milt does not 
therefore pass out of the testes by way of the oviducts, but takes a more direct course 
into the urinary duct (Wolffian), which extends in both sexe§ much farther forward 
than the oviduct. The urinary passages, which are as spacious in the male as in the 
female, therefore become, for a greater portion of their length than in the latter, 
efferent genito-urinary outlets. 

The mesonephros. Wolffian body, or permanent kidney of the sturgeon, discharges 
its secretion into the primitive segmental or Wolffian duct, which widens as it passes 
backward just before it receives the oviduct which joins it. Upon slitting open the 
widened posterior portion of the urinary or segmental duct the mouths of the col- 
lecting ducts of the segmental tubules of the kidney are exposed, and are seen to be 
scattered over its dorsal wall, showing that the renal secretion is poured out directly 
into it. There is no dilatation of the posterior portion of the segmental duct into a 
urinary vesicle or bladder as occurs in many Teleosts. 

The posterior portion of the mesonephros of the sturgeon is most strongly devel- 
oped; and in this region it lies just internal to the segmental ducts as a flattened and 
widened series of renal lobules composed of closely agglomerated uriniferous tubules 
and Malpighian glomeruli. In the region of the air-bladder, and overlying it on 
either side of the vertebral column, the renal lobules become suddenly much smaller 
in the young, while in front of it they again increase in size. How much of the pro 
nephros or head kidney persists is not known, nor has it been determined in just 
what way the secretion from the anterior part of the mesonephros reaches the seg- 
mental ducts. The proportions of the glandular portions of the renal apparatus at 
different points of its extent is shown in Fig. 51. Plate LYIII, showing the dorsal wall 
of the body cavity as viewed from below. 

The foregoing account of the viscera of the sturgeon deals in the main with 
the naked- eye appearance of its parts. 
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6. THE LATERAL LINE STSfEM OF THE STUSOEOH. 

This Btractare is not mentioned by systematic writers, or at least by none that I 
have been able to consult. In specimens 9 inches in length the lateral line is trace- 
able as a distinct canal which perforates the posterior lateral plates jast below the 
longitudinal ridge which extends along their outer faces. It is traceable from the 
exterior as far forward as the vertical cutting across the doisal and anal flns, and 
opens by way of pores to the exterior between the edges of the last two or three 
lateral plates. Behind the last lateral plates the lateral line suddenly changes its 
course and follows the general inclination of the upper or longest lobe of the tail, 
traversing a narrow armored strip of the lateral caudal integument just below the 
lateral caudal armature, which consists of a pavement of small rhombic plates, with- 
out strong cariudB or points. In the young animal, the lateral line developed along 
the sides of the upper lobe of the tail is a simple tubular canal traversing the intega- 
ment, and at short intervals it opens to the exterior by way of pores. 

In the adults it is not so easy to trace the lateral line forward, but on the sides 
of the upper lobe of the tail it may be observed to open by a series of pores in close 
proximity to the site of the lateral line in the young, but the pores are no longer 
linear in their arrangement, indicating that the canal has branched and gives off short 
lateral branches as adolescence is attained. This description applies to A, sturio. 

It is unfortunate that the failure to obtain a complete set of the stages of develop- 
ment will not enable me to give a fuller account of the ontogeny of this structure in A. 
sturio. Fortunately, in a memoir by N. Zograff (Studies from the Zoological Labora- 
tory of the Museum of the University of Moscow, in Russian, t. lii, pt. 3, Moscow, 
1887, p. 44), the lateral line of the head and trunk of A, ruthenus is fiprnred at a stage 
which shows that tbere is asupra- and infraorbital, occipital, lateral, rostral, and supra- 
opercular system of canals with puuctiform end organs. This arrangement of the 
lateral sensory nerve-hills is probably very easily made out in quite young stages of 
the sturgeon, before the epidermal lateral canal closes and sinks down into the deeper 
layer (corium) of the skin. A careful dissection of the lateral line region of young 
individuals of A. sturio 8 to 9 inches in length shows that the lateral branch of the 
vagus nerve is present along the middle lino of the side as a very conspicuous cord, 
just beneath the lateral row of scales and slightly embedded in the lateral muscular 
mass, invested by a connective tissue sheath. Careful inspection also shows that the 
lateral scutes along the sides as far forward as the opercle are perforated by a canal, 
which is supplied, as described by N. Zograff, in A. ruthentiSj with small twigs from 
the lateral branch of the vagns nerve. These small twigs terminate in groups of hair- 
cells — nerve hills — forming part of the ectodermal lining of the system of lateral canals. 
The structure of the system of canals on the head is of the same character, but the end- 
organs and canals are not as numerous and complex as in Amia and many Teleosts. 

Another sensory apparatus of some complexity are two pairs of barbels in front of 
the mouth. These appear in A. sturio to bo innervated by a large sensory branch of 
the fifth nerve, which is very easily traced upon removing the integument on either 
side of the middle line, on the under side of the snout. The barbels themselves are 
considerably longer in proportion in the young sturgeon of 10 inches to L* feet than in 
the full-grown A» sturio measuring 7 to 10 feet in length, while the transverse incisures 
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on tfaeir surfaces also become deeper and the lateral flattening of these organs is also 
more apparent in the adult. 

When the young sturgeon first leaves the egg there are no outward indications of 
the barbels. The anterior and inferior part of the head is bluntly rounded, and there 
is little or no indication externally of the presence of a suctorial disk such as is seen 
in the larvae of LepidosteuSj where this disk subsequently degenerates and is carried 
to the tip of the snout. This is well seen in the recently hatched larvsd of the com- 
mon sturgeon figured in the appended plates. 

The barbels grow out a few days after hatching at a point just in front of the mouth 
as two pairs of short, blunt, fleshy processes on either side of the median line, as 
shown in Figs. 54 and 55, p. 89, Vol. ii, of Balfour's Comparative Embryology, and in 
Figs. 14, 15, 16, and 17 on Plates XL and XLI of this paper. This blunted, cylindrical 
appearance of the barbels is retained until the young sturgeon has reached some 
size, as shown in Figs. 10, 20, and 21, of the young sterlet before the lateral plates 
of the body are much more than indicated and when the snout is beginning to become 
pointed and grow in length rapidly. The bases of both pairs are also more closely 
approximated during these early stages, though there is great variation in this respect 
even in different adult individuals, but in the latter the pairs never seem to arise from 
the 9ame base as do the barbels in the very young fish. The barbels of the embryo 
of the sturgeon do not grow out so precociously as do those of the cat- fish, as shown by 
the writer in Ictalurus albidus^ where they, moreover, have a cartilaginous supporting 
axis. This fact, as well as their tactile function in both cases, militates, it seems to me, 
strongly against the opinion that the barbels of fishes are necessarily derived from the 
papillsB of a suctorial disk such as is found in the larvsB of Lepidosteus. Besides, the 
late appearance of the barbels at the angle of the mouth in Cyprinus carpio^ and of the 
chin barbels in Menticirrusj Oadus^ Onos^ etc., indicates a want of community of descent. 
Another epidermal system of sense organs extending over the under side of the 
snout of sturgeons both young and old is of interest, since it is probably a part of the 
system of tactile apparatus represented by the barbels. The structures now referred 
to are the depressed areolaB found in front of the mouth, and divided partially in the 
median line by the roughened carina, formed by the produced parasphenoid bone, on 
the lower side of the snout, into a pair of triangles with their acute extremities 
directed forward. The small depressed areoldB at the anterior part of this area are 
oblong ; back near the mouth they are nearly round, with irregular margins. Zograft's 
results indicate that these areas are the points where sensory nerves terminate. My 
dissections indicate that their nerve supply comes from the most anterior branch of the 
fifth nerve. The position of these organs is such as to bring them into play as acces- 
sory to the barbels in seeking for food at the bottom of the estuaries where the stur- 
geon doubtless spends most of its time when feeding. 

7. THE LTKPHATICS OF THE STUSOEON. 

The lymphatic system of the sturgeons is somewhat remarkably developed, and 
recalls in some respects that of the lampreys. In the lampreys, a stout triangular cord 
of lymphatic tissue overlies the spinal cord. This cord of lymphoid tissue, in those 
forms, is invested by the fibrous connective tissue which also invests the spinal canal 
as the dura mater and as the outermost fibrous covering of the notochord. It occu- 
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pies, iD part at least, exactly the position of the ligamentam longitndinale which Ira- 
verses loDgitodiDally the nearal arches of the other groups, embracing the true fishes. 
The fibrons cords traversing this organ, as seen in the lamprejs, may, through 
degeneration of the lymphoid tissue, have given rise to the ligamentam longitndinale, 
through some common ancestral type. 

This lymphoid organ in the lamprey also contains black pigment cells mixed 
amongst the lymphatic tissue, but the organ extends for the greater part of the length 
of the vertebral column in the lampreys. 

In the sturgeons there is no cord of lymphoid tissue extending above the spinal 
cord, for its whole length, but at its anterior end the spinal canal is greatly widened, 
and in this dilated portion of the latter there is a mass of lymphatic tissue included 
which is not traversed, as in the lampreys, by fibrous connective tissue, but as in 
them is found to contain scattered black pigment cells. This mass of lymphoid tissue' 
in the sturgeon lies partly within the dilated anterior part of the spinal canal and 
partly within the skull, and extends down over the sides of the anterior end of the 
spinal cord and medulla oblongata. This mass of lymphatic tissue therefore occupies 
))artly an intracranial position and does in fact extend slightly in front of the auditory 
region of the skull. 

While it is difficult to identify the lymphoid tissue found in such close relation 
with the nervous system of the sturgeon with the massive trihedral lymphoid strand 
overlying the spinal cord in the lamprey, the comparison is at least suggestive. 

A still more remarkable lymphoid organ is found investing the ventricle of the 
heart and the bulbus aortie of the sturgeon. It is one of the most striking structures 
found In the sturgeon, and at once attracts the attention of the anatomical tyro upon 
opening the cavity in which the heart lies. It is, in fact, the tissue which gives to 
the surface of the heart of the adult a lobulated appearance entirely different from that 
of the heart of all other fishes. These lobules are the outward expression of compart- 
ments in a thick layer of lymphoid tissue, which are found to be lined with processes 
that are produced into plates, or lobes, internally that are often dentritic or branched 
as seen in cross-section. In portions of this structure lymphatic tissue has been found 
of the usual type met with in higher types, but no muscular fibers have been observed. 
Besides this there have been found masses of a homogeneous substance in some of the 
lobules, which recall the masses of similar matter seen in the closed sacks of the 
thyroid body throughout the vertebrates generally. Its function has never been 
clearly determined, but my own opinion is that it probably belongs to the category of 
ductless ftlandsand that it may have some relaticm to the thymus or thyroid, probably 
the latter, as long ago suggested by J. F. Meckel. The history of this singular organ 
can only be made out definitely by a study of its development, from fresh materials, 
extending over a great many more stages than are at my coumiand for that puri>ose. 
Until that is done it will be useless to speculate as to the true nature of the singular 
lymphoid structure which covers nearly the whole heart of the sturgeon. It com- 
pletely covers the ventricle and bulbils; is firmly attached to their outer surfjices, and 
forms, so to speak, a second, and highly differentiated wall lying external to the mus- 
cular coat of the heart. Only one other suggestion occurs to me as respects its true 
nature, and that is that it may possibly be a greatly thickened epicardiuni in which 
lymphatic tissue has been developed, but even this suggestion would have to be veri- 
iWd by further embryological research, for which the required material is not yet at 
hand. 
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A third tract of lymphatic tissue is found exteuding along the free margin of the 
spiral valve. The free margin of this spiral valve or fold is greatly thickened through- * 
out its entire course. Cross-sections of the portion of the alimentary canal in which 
this structure is found discloses the fact that the thickening of the edge of the spiral 
fold is due to the presence of a cord of lymphoid tissue, which is indistinctly subdi- 
vided into lobules by strands of fibrous tissue. That there are true lymph-cells 
present in this part of the fold is readily demonstrated in stained preparations of 
cross-sections of this part of the intestine. Such lymph-cells, are, moreover, appar- 
ently migratory and move up and down within the papillse or villi with which the 
intestinal wall is here thickly studded. They probably have an important work to 
perform in taking up the digested nutriment which passes through this part of the 
alimentary tract. The relative proportions of this cord of lymphoid tissue is indicated 
in the partially diagrammatic cross-section of the spiral valve, represented in Fig. 47 
at Ly. 

It is therefore obvious that in the sturgeons we have the lymphatic system quite 
highly developed, more so in fact than in almost any of the Elasmobranchs, Teleosts, 
Dipnoans, or Ganoids. No close comparisons with other types .can be made with respect 
to the lymphoid structures of the spinal canal. The closest comparison seems to be 
afforded by the strand of lymphoid tissue overlying the spinal cord of the lampreys. 

With respect to the spleen of the sturgeon, which has been frequently identified 
as pancreas, sections show thiat it is really lymphoid. Large Malpighian bodies are 
discernible in sections, which agree closely with the appearance of those seen in sec- 
tions of the spleen of Selachians, some of which I have been enabled to compare with 
sections of the sturgeon's spleen through the kindness of Mr. W. F. W. McClure, of 
Princeton College. 

8. THE DEVELOPMENT OF THE STUBOEON. 

The recently deposited ovum of the common sturgeon measures L'.6*"™ in diameter. 
That of the sterlet, upon which species the most of our information as to development 
is based, is much smaller, measuring only 2"^°^. As already stated, besides the ^gg 
membrane a glairy viscid substance forms a considerable layer on the exterior of the 
eggs, which becomes soft and stringy upon cout^t with water, but hardens later into 
a firm substance which finally cements the ova firmly to whatever they may be brought 
into contact. 

The micropylar apertures appear to be multiple in the egg of the sturgeon. There 
appears to be one central one in the egg of the common sturgeon, which is surrounded 
by a cycle of others, as represented in Fig. 2, Plate XXXVIL The micropyles from* the 
first overlie the dark germinal area, and through these minute openings in the egg 
membranes the spermatozoa or male elements find their way in order to impregnate or 
fertilize the egg. The micropyles occupy the central position over the germinal area 
before the egg is mature, and set free from the ovarian follicle in which it grew and 
ripened. In the si)ecies of sturgeons studied by Kowalewsky, Owsjannikow, and Wag- 
ner seven micropyles were observed. Salensky found from five to thirteen in the eggs 
of the sterlet. 

The segmentation of the egg begins at the dark pole and is unequal, and at first it 
is only partial. Later the segmentation furrows extend through the whole egg^ as 
Bull. U. S. F. C, 88 17 
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seen in Fig. 5, after segmentation is completed. Abont this time a segmentation 
cavity appears within the egg, rooted over by the smaller segmentation spheres of the 
dark pole, while it is inclosed below by the large spheres of the lighter pole, which 
comprises the yolk. Just at this point there is an inconsistency in the acconnt given 
by Salensky which it is hard to reconcile with the very large persistent yolk of the 
later stages. The large segmentation spheres seem to have their segmentation furrows 
obliterated at a later stage; at any rate the yolk is said to be inclosed by the walls of 
the primitive entoderm of the intestine, after the segmentation of the yolk substance 
has become less obvious than at first, and after it3 nucleated segments had become 
pretty numerous. If the inclusion of the yolk cells by the intestine actually occurs as 
described by Salensky, the process is without a parallel among the vertebrates, the 
nearest approach being the mode of yolk absorption lately described by P. and P. 
Sarasin as occurring in the embryos of lehthyophis glutinosusj one of the footless, worm- 
like batrachia of Ceylon. 

The further development of the germinal area at the dark pole of the egg presents 
many analogies to that of the osseous fishes, especially as respects the manner in 
which the yolk is finally covered in and completely inclosed. Upon comparing Pig. 
6 with the stage represented in Fig. 5, it will be seen that the upper pole is now 
covered by a cap of cells which leave only the lower coarser yolk cells exposed. This 
cap has resulted from the more rapid segmentation of the small cells shown at the 
upper pole of Fig. 5. These smaller cells of Fig. 5 have in fact, in Fig. 6, become so 
small by repeated division that the artist has found it impracticable to represent them 
according to the scale of enlargement adopted in the last-mentioned figure. The cap 
of cells has grown all around its margin in such a way that it has gradually extended 
over the yolk. At one side of the ca^) the rudimentary embryo is visible as a light 
band rounded at the upper end. A linear depression runs through the middle of the 
rudiment of the embryo; this represents the center of the so-called medullary plate, 
and is also the middle of the medullary groove to be folded in later when the 
margins of the medullary plate are turned upward and fuse immediately over the 
former to form the medullary canal or passage way through the primitive spilial cord, 
which is developed in the way above described. 

In the next stage of development, which is reached in about twenty-four hours after 
impregnation, we have the appearance presented in Fig. 7. The only portion of the 
mass of yolk cells which now remains exposed is indicated by the little rounded, nearly 
black area, at the lower pole of the figure. The yolk is now completely inclosed, 
except this small portion, by the continued growth of the lower edge of the cap repre- 
sented in Fig. 6. This small area of yolk still exposed is the yolk blastopore or 
prostoma. 

At this time the rudiment of the embryo becomes widened in front, as shown in 
Fig. 7, so that the medullary plate, anteriorly, becomes expanded like the broad end 
of a spatula. This widened end of the medullary i)late is the rudiment of the future 
sturgeon's brain, and behind this widened part, the edges of the medullar^' folds 
become more distinctly evident, since the development of the spinal cord of which 
they form a part is now more advanced than in the preceding stage. The embryonic 
area at this time presents some characteristic features of coloration in the common 
sturgeon. The area immediately around the embryo is light-colored; some little 
distance from it there is a darker band of color. This dark band is oblong, with the 
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sides carved inward, so that the whole reminds one of the fonn of the body of a 
violin, with the embryo lying in the middle line, o;r lengthwise, in the paler central 
area. 

While these changes have been in progress, the cap or mantle of smaller cells 
from which the embryo is formed, and which now almost completely envelops the yolk, 
has undergone internal changes. These relate mainly to the splitting or folding of its 
constituent cells in such a manner, over the embryonic portion especially, as to form 
two layers. From the outer of these the skin and nervous system of the future stur- 
geon will be forn^l, while from the inferior and thicker layer the rudiments of the 
muscles, blood-vessels, intestine, cartilage, etc, of the future completely developed 
animal will be evolved. ' 

The changes which follow, and which are visible from the exterior, relate partly 
to the outermost and partly to the innermost layer of cells which cover the yolk. On 
either side of the embryo, in Fig. 7, there are distinct longitudinal swellings, W G. 
These indicate the beginnings of the kidneys, which are still more distinctly visible 
in Fig. 8 as a pair of narrow bands. In this tigure further changes are taking place 
in the fore part of the medullary plate; the anterior and posterior parts of the brain 
are in fact be<;oming defined, while still further back the four pairs of blocks of cellular 
substance mark the rudiments of as many segments or flakes of the muscular system 
of the adult. Behind these the thickened rim of tissue surrounding the blastopore 
will furnish additional muscular segments as development proceeds, while it is also 
obvious that the rudiments of the posterior limbs of the kidneys embrace this ring of 
tissne. 

These points are still better shown in Fig. 9, in which the medullary tube or rndi- 
mentary spinal canal has become folded oft' from the muscular segments at the sides, 
and which have greatly increased in number. The whole embryo has also lengthened, 
so that only the posterior portions of lateral rudiments of the head, kp Ij are. visible, 
while the blastopore has closed posteriorly. Additional muscular segments are also 
seen to be progressively split off*, from before backwards, from the rim of tissue which 
in the preceding stage surrounded the blastopore. The Wolffian ducts or embryonic 
renal apparatus is also seen to extend to or beyond this region. 

Still more advanced stages are represented in Figs. 3, 4, 10, and 11. In Figs. 3 
and 10 the first visceral arches va\ va'\ va'" are obvious, while the first outward signs 
of the sense organs, the ear, eye, and nasal pits are plainly visible in Fig. 3. 

In Figs. 4 and 11 are shown very nearly parallel stages of development in the 
common sturgeon and sterlet. Fig. 4 is from below, and Fig. 11 shows the head end 
of the embryo of tbe sterlet from above. In the latter the anterior ends of rudiments 
of the kidneys or Wolffian ducts are seen to have their anterior ends more recurved 
than in the less advanced stages shown in Figs. 9 and 10. At this time the head 
becomes obvious at the anterior end of the embryo, extending some distance forward 
beyond the fore part of the head, as a pulsating tube, which receives the embryonic 
blood from a paired system of vessels extending over the yolk. 

Fig. 12 shows the just- hatched Russian sterlet, while Fig. 18 shows the common 
sturgeon just after it has left the eggy on the sixth day after impregnation. The yolk 
in the sterlet is now much larger in proportion to the body than in the common stnr- 
geon. There does not seem to be any sign of the pectoral fin developed in the just- 
hatched sterlet; but in the common sturgeon this fin is the first of the paired ones to 
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be developed, and is very conspicaous as a delicate bat low fold on the top of the yolk- 
sack, a little distance from the sidjB of the body at /, Fig. 18. 

In Fig. 18 there is no outwardly visible evidence of branchial clefts as in Figs. 
12 and 13 of the sterlet, but the opercnlar fold op already conceals the visceral arches 
ftom the outside. The tail fold is also much wider in the recently hatched embryo of 
the common sturgeon, as Fig. 18 clearly shows. A single spacious Ouvierian duct, 
c Vj carries the blood from the head and body down over either side of the yolk to 
empty it into the inferior or venous end of the heart, H, which lies in a spacious con- 
cavo-convex cavity p o, within the anterior end of the somatic wall of the yolk-saA* 
This space is continuous with that of the general body-cavity posteriorly. 

No barbels are developed at this stage in the young of the common sturgeon, 
nor are they present in the same stage of the young sterlet. The nasal sack is now 
d simple depression in the epidermis of both. The various portions of the brain are 
now diiferentiated, while the notpchord is formed and the lateral muscle plates are 
numerous, nearly twice as many in fact as in most young Teleosts of the same stage. 
In this respect the sturgeons resemble the Elasmobranchs rather than the group of 
Ganoids or Teleosts. Only a few of the long-bodied Teleosts have the muscle plates 
very numerous in the embryo. 

The spiracular cleft is very obvious in the recently hatched sturgeon, as indicated 
in Fig. 18 at sp. The eye is relatively very small, a feature in which the embryo of 
the sturgeon agrees with the embryonic lampreys and batrachia more closely than 
with any fishes except Lepidosteus. The mouth appears very far back from the tip of 
the snout and is at first almost completely concealed from below as a narrow, trans- 
verse cleft in the angle formed by the upper anterior extremity of the yolk-bag and 
the under side of the head of the recently hatched larva. 

Later, as the head lengthens and the yolksack is absorbed to some extent, the 
mouth becomes obvious from beneath as a wide transverse opening with a row of 
about ten formidable teeth in each jaw, as shown in Figs. 14, 15, and 17. The barbels 
now appear as four papillfe placed in a transverse row in front of the mouth, as shown 
in Figs. 15 and 16. In front of the row of biirl)els there is a depression, seen in Fig. 
15, which may be the horaologue of the preoral disk found in Lepidosteus and Amia 
by Mr. A. Agassiz and Mr. A 11 is. 

The branchial filaments now begin to grow rapidly so as to be extended beyond 
the posterior margins of the gill covers. They consequently become visible from the 
side, as shown in Figs. 14, 15, and 10. The yolk is now almost absorbed and the 
ventral pair of fins begins to be evident, as shown in Fig. 10, while the pectoral is 
quite large, but still rounded at the margin and not pointed as in the adult. A notch 
between the dorsal and caudal begins to separate these two, while the same thing is 
occurring on the ventral side, so as to separate the lower lobe of the camlil from the 
anal. The partial atrophy of the median fin fold in front of the rudiment of the dorsal 
now begins, as shown in Fig. 10. At the same time the extensive me<lian preanal An- 
fold begins to be absorbed. 

In the head region thc^ barbels are becoming more conspicuous, while the snout is 
longer but still remains rounded off. The nostrils are beginning to become divided 
externally by the upjrrowth on the dorsal and ventral borders of the nasal sack of two 
processes whi(jh will eventually fuse and form a bridge running diagonally across it 
as in the adult. 
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The next changes which Ave of interest in the prof^ress of the metamorphosis of 
the sturgeons have been illustrated by N. Zograff, whose figures of the young sterlet 
I have not hesitated to lay under contribution. In these the snout is seen to have 
become distinctly more pointed and flattened underneath, as shown in Figs. 19, 20, 
and 21. The barbels have been lengthened, but seem to radiated from a central point, ' 
as shown in Fig. 20, from below. 

The greatest interest, however, attaches to the history of the median dorsal row 
of scutes or bucklers. These seem to arise within the partially 8upi)ressed median 
dorsal fin-fold and, as shown in Fig. 26 (considerably enlarged), their points are iery 
sharp and overlap somewhat in the same way as do the fulcra or plates on the dorsal 
margin of the tail in the adult. The dorsal bucklers appear first and before the fulcra. 
The lateral plates appear at the same time as a row of smaller calcifications in the 
integument of the sides, the anterior plates being the largest. The ventral rows of 
bucklers seem to be wanting, but they evidently appear, in some species at least, very 
soon after this stage has been passed over. This conclusion is supported by the con- 
dition of an older stage of another oiecies, A, huaOy represented of the natural size, in 
Fig. 22. In this figure all the bucl^jl^ seem to be present, except the fulcra of the 
dorsal margin of the caudal fin. The form of the head and snout also presents very 
nearly that which is so marked in the young of all the species, namely, the great 
elongation, flattening, and narrowing of the portion in advance of the eyes. 

In Fig. 17 it is seen that fine cartilaginous branchial arches are developed in the 
larvae behind the hyomandibular bar, which indirectly helps to support both the 
lower jaw in part and the hyoid arch wholly. The arrangement of these parts is still 
more clearly shown in Fig. 44, illustrating the cartilaginous cranium of the adult. 
Though there are five gill-bearing arches developed, it is only the four anterior ones 
which support true gills; the hindmost or fifth is reduced in length and is completely 
embedded jn the tissues at the posterior end of the branchial chamber, and bears no 
branchiic even in the adult. 

The figures of the young larvsB and post-larval stages show that the head is at first 
without armor-plates or scutes ; in other words, it is covered by the naked integument 
only during the early life of the animal. In the young fishes from 4 to 5 inches long 
the cranial plates are already formed ; their arrangement over the top of the head is 
essentially that displayed m Fig. 45, for all the species, barring minor variations. The 
most constant plates are the supraucclpital, exoccipital, parietals, and frontals. These 
form, together with smaller .plates over the top and sides of the snout, a complete 
bony investment for the cartilaginous skull or brain-box shown separately in Fig. 44. 
The armor is completed at the sides by the large single opercular plate and below by the 
parasphenoid. All, or nearly all of this bony investment of the skull, except the pos- 
terior portion of the parasphenoid bone, is developed from calcifications which start 
from separate centers in the skin, so that all of these superficial bones of the head are 
regarded together with those on the back, sides, and under sides of the body as dermal 
or integumentary bones. They grow in extent by adding more bony substance to 
their edges, so that their roughly-indented edges ultimately fit together at their edges 
so as to form a more or less close anion by the method which is known to anatomists 
under the term sutural. As pointed out elsewhere, the last pair of plates to unite and 
thus completely cover in the cartilaginous cranium in the common sturgeon are the 
parietal and frontal pairs, so that a fontanelle or hole may be detected in the top of 



262 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

the head of yoang sturgeons up to 2 or even 3 feet in length, where the inner edges of 
these dermal bones have not yet developed a complete junction. 

The vertebral column of the sturgeon consists of a notochord almost completely 
surrounded by rings of cartilage, the latter of which answer to the bony disks foand 
in the vertebral columns of other types. Unlike all other types, except Branchios- 
toma, the lampreys, and a few Ganoids, and Dipnoans, the notochord of the stur- 
geon continues to grow uniformly in length and thickness throughout life, and does 
not grow between the vetebral bodies only, as happens in the great majority of fishes, 
nor does it even undergo partial suppression within a thickened outer sheath, as hap- 
pens in the Ghimseroids. 

The paired fins are supported on cartilaginous basal pieces. The form of these 
pieces is well shown in Fig. 49, representing in stippled work the cartilaginous sap- 
ports of the rays of the ventral fin of the blunt-nosed sturgeon. The curioos asym- 
metry of the segments of the basal pieces in this figure is worthy of notice. It is 
obvious that the three pieces of which the basal plate of either side is composed are 
greatly unlike. 

The further changes in the form of the head particularly, from youth to adult age, 
in the sturgeon, can best be realized by reference to the illustrations of the yoang of 
the common as contrasted with that of the blunt-nosed species on the three plates, XLY 
to XL VII, inclusive, and these compared in turn with the heads of an adult mide and 
two females seen in three different positions, as shown in Plates XLYIII to L. 

These figures are the first adequate pictorial representations of these fishes which 
have been published, and since they have been obtained with the help of the photo- 
graphic camera, from fresh materials, they can be depended upon as being accurate. 
The proportionally narrower head of the adult male is well shown on Plates XLYIII and 
L, while the great difference in the width of the mouth of the young of A. sturio and 
A. brevirostris is strikingly displayed on Plate XLYII. The first loop of the intestine 
exposed in the young of the common sturgeon, and represented on Plate XLYII, is seen 
to extend proportionally much farther back than in the adult, shown with the viscera 
exposed, in Plate LI, where this portion of the intestine is the only part of the ali- 
mentary tract which is uncovered. The metamorphosis of the sturgeon, according to 
the data given in this brief sketch, is seen to extend over a prolonged period, and to 
involve not only the fins and integumentary plates but even the relative proportions 
of the viscera. 

9. THE SOURCES OF THE FOOD OF THE STURGEON. 

When the young of the common sturgeon is first hatched it measures barely half 
an inch in length. At this time there is still present a quite large yolk-sack filled 
with a yellow opaque yolk subtance, the sides and upper surface of which are shaded 
with brown, owing to the presence of tine granules of pigment embedded in its super- 
ficial stratum. After a few days this yolk material is absorbed and the young fish, 
now measuring nearly three fourths of an inch,* must begin to forage for itself. As 

'TheombryoH of Acipenser stuHo aro coiiRiderably larijor than thosp of A. ruthenus as mea8nre<l by 
Saltiusky and Balfour. This differ4>nc<'> is doubtloHs duo to the difftTonco in the rIzo of the ova of the two 
Rpeciesy the e^gs of the coninion sturgeon being more than half a niillinieter hirger in diameter than 
those of the sterlet. The fornn-r measure '2.()'"'", while the latter measures only '2""" in diameter. The 
larval sterlet, furthermon^ at the time of hatching, measures only 5^"*% while the larva of the common 
American species at the same stage measures 11™"". 
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the oral opening is very small at this time it is necessary that the food taken be quite 
small. The mouth now becomes transverse and ventral in position, more or less pit)- 
trusible as in the adult, and up to the third month the jaws support microscopic teeth 
of a very simple, conical type. The food taken at this time must be microscopic in 
character, and probably consists of rhizopods, unicellular algaa, infusoria, minute 
larviB of insects and worms, crustaceans, etc., so that the range of forms upon which 
the life of the young sturgeon depends during its early stages of growth is a very wide 
one. The rhizopods, algie, and infusoria are probably skimmed from the surface of 
the ooze at the bottom of the estuaries where the young sturgeon must feed during 
the early part of its life. That the young sturgeon does feed upon rhizopods to a large 
extent is to be inferred from the similar habit of the young of the Oatostomidce or suck- 
ers as tirst determined by Prof. S. A. Forbes. In slides prepared by Professor Forbes 
from the intestinal contents of a species of Myxostoma and one of Erimyzon (Proc 
Acad. Nat. Sci., Phila<ra, 1881), Professor Leidy was able to distinguish the shells of 
six distinct species of rhizopods or test-covered protozoa. The habits of the young 
sturgeon must be similar, for a time, to those of the Catostomidce on account of the 
similarity of the mouth of both, so that, inferentially at least, there is strong proba- 
bility that amcBboid protozoa at first constitute an important part of its dietary. 

It is thus rendered at least highly probable that there is an interdependence of 
the one upon the other in the struggle for existence. And one may legitimately 
speculate as to the still lower origin of the food of the protozoa. 

The latter takd into vacuoles or spaces in their sarcode minute vegetable and 
animal organisms which are digested and incorporated into their own substance, 
which is thus made to grow in amount. The rhizopods, in turn, are swallowed by the 
larval sturgeon, and we thus perceive that the minute accumulations of organic mat- 
tei'represented by the lowest protozoa are finally incorporated and become an integral 
part of a still larger aggregation of organic matter with a much higher grade of organ- 
ization. The first process of digestion and integration took place in a mere cavity in 
the protoplasm of the very lowest grade of organization ; the next step in the process 
of digestion and integration of living matter took place in a higher type in a dififeren- 
tiated alimentary tract with cellular walls and special glandular appendages which 
furnish the special food solvents or digestive ferments. 

After the young sturgeon becomes somewhat older, larger forms are preyed upon. 
By the time the young animal has reached an inch to an inch and a half in length, 
the dorsal and lateral plates begin to appear, and the cartilages of the head and ver- 
tebral column have been formed, but the ribs are not yet developed, according to the 
sections figured by Zograff. Minute teeth are present on the pharyngeal floor and 
the^food may be identified in the sections through the region of the stomach and 
intestine. The most characteristic and abundant of the intestinal contents at this 
time are the tests and remains of the soft parts of Cladocera or Daphnidce^ small water 
fleas, the summer broods of which are parthenogenetic and multiply at a prodigious 
rate, so as to be very abundant in the fresh-water estuaries where the young stur- 
geons are numerous. The figures of sections given by Zograff of the young of the 
sterlet, display the stomach and intestine literally packed with the remains of Daph- 
nidcBj so that it is obvious that during some portion of the sturgeon's life and under 
certain conditions these forms stand in a vital relation to the latter as its &od. 
Doubtless other forms, such as algae, minute fresh-water worms, fish larvae, insects and 
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their aquatic larvae, and fresh-water copepods are also taken. Many of these are 
again dependent upon the far more minute protozoan and microscopic plant life about 
them. This is notably the case with DaphnidcB themselves, in which certain append- 
ages are used to sweep the microscopic infusoria and swimming algae into the mouth, 
so that the water in which swarms of daphnids are kept is soon cleared of its micro- 
scopic life. 

As the sturgeon grows larger and its mouth more capacious it becomes capable of 
capturing still larger prey. When they reach a length of fr«»m 5 inches to 2 feet, in 
some localities at least, they begin to prey in the main upon amphipods and isopods, 
two groups of crustaceans found in great abundance in the waters of the estuaries 
frequented by the sturgeon. These larger organisms in turn, which at this stage be 
come the prey of the sturgeon, must feed upon smaller organisms, so that they become 
accumulators, so to speak, of the food of the fish at this stage, just as were the daph- 
nids during an earlier period. The amphipods and isopods are found in great num- 
bers in the spiral valve of young fish under 2 feet long, and besides occasionally the 
undigested cuticular covering of earth-worms is encountered. The remains of the 
larger organisms are, however, always mixed with more or less mud or ooze, which 
contains diatoms, rhizopods, etc., so that these low forms furnish some nutriment even 
in a relatively advanced istage, if not for the entire life of the animal. Of the amphi- 
pods Amphithoe and Oammarus were most abundant in the stomachs of young stur- 
geons. The commonest isopod found in the intestine is a species of Idotea. The fish 
from which these were taken were caught in brackish water, where these amphipods 
and isopods are very abundant, often adhering to the gill-nets of the shad fishermen 
operating in the same waters, to the number of many thousands. They are known, 
for this reason, to the fishermen as ^^shad lice.'' 

After the sturgeon becomes adult larger organisms are sought for as food, though 
the writer has been surprised to find how little there remains in the digestive tract 
after death to indicate what formed their principal dietary. Occasionally the shells of 
Mytilus or Modiola are found, thus indicating that the mollusca are laid under contri- 
bution as a source of food. These mollusca, living as they do fixed to one spot, are 
in turn dependent upon the microscopic protozoan and larval life which is found in 
the surrounding waters. 

From the foregoing inventory of the food of thesturgeon at various periods of its life, 
it is obvious that its existence is dependent upon that of a great multitude of diverse 
forms, which serve it merely as accumulators of pabulum to be converted into its own 
tissues Starting with the lowest grade of organization, the larva can feed for a time 
only upon forms not over a line in length, and which are minute enough to be sundered 
and rent by its microscopic teeth. At a later stage larger organisms are captured, 
measuring half an inch or more in length, while during adult life large mollusks and 
other organisms of 1 to 2 inches in diameter are readily taken and swallowed. 

The story of the life of a sturgeon is therefore seen to be bound up with the lives 
of vast myriads of organisms in no way related to it in the system, but only as sources 
of nutriment. It is quite certain from what has preceded that if the minute life upon 
which the young sturgeons subsist were exterminated, the sturgeon would also be- 
come extinct. It follows from this that whatever afi'ects the relative abundance of 
the tninute life of the rivers and estuaries where sturgeons are found, must also affect 
the survival and abundance of the latter. The importance of a study of all the or- 
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ganisms upou which the sturgeon is directly or indirectly dependent must therefore 
be obvious to every one. The legitimacy of the inquiries into the life-histories of all 
organisms, even those in no way directly related to the economy of the State, should 
therefore need no a)>ology from those engaged in the study of the problems of economic 
fish-culture. 

10. HABITS OF THE STURGEON. 

The habits of this fish^ as might in fact be inferred from the conformation of the 
head and mouth, are essentially those of a scavenger .and bottom feeder. The tooth- 
less, protusible mouth of the adult is in itself sufficiently suggestive of the mode in 
which a very large proportion of its foixl must be taken, notwithstanding the state- 
ments made by some European observers that the sturgeon may even rise to the 
surface to seize from beneath and swallow, in an entire state, such unwary water- 
birds as may be disporting themselves there. That the young do pursue, capture, and 
8W(i11ow rather active prey is proved by the fact that great numbers of the exoskele- 
tons of amphipod crustaceans are found, together with other ingesta, in the region of 
the hind gut, modified to form a spiral valve. Whether these amphipods are taken 
while the sturgeons iye swimming about through the water some distance from the 
bottom is uncertain, though it is probable that the young fish take them at the bot- 
tom, from the fact that large quantities of mud are found associated in the intestine 
with the remains of the crustaceans. 

Adult sturgeons are frequently encountered, in the intestine of which the broken 
fragments of the shells of mollusks, bivalves as well as univalves, are met with. 
Fragments of Mytilus and other brackish -water forms are found in the alimentary 
tract of such individuals. This dietary is sufficiently indicative of the mode in which 
the animals take their food, and it is probable that annelids, neinerteans, etc., also 
enter largely into the dietary of these fishes. I have also met with the remains of 
earthworms in the intestine of young sturgeons. 

The mechanism by means of which the sturgeon is made aware of the presence 
of the living forms at the bottom consists of a transv^erse row of four pointed, highly 
sensitive barbels, which are placed about half way between the tip of the snout and 
the mouth. In the young these barbels are more slender and proportionally longer 
than in the adult, in which they present a series of transverse incisures or laminse 
ranged side by side, and which are covered by a sensitive, tactile epithelium. This 
apparatus supplements the soft sensitive lobes which surround the entrance to the 
mouth more or less completely, and constitute a system of organs of touch by the help 
of which the animal is made aware of the presence of the living food at the bottom 
niH)n which it subsists. 

The snout of the adult sturgeon appears to be used more or less after the manner 
of a digging implement. Mr. Elkington informs me that at Tampa Bay in Florida 
the schools of sturgeons may be observed near the shore digging up the soft bottom of 
shoal places with their snouts. The object of such a habit would seem to be the 
search for half-buried mollusks, annelids, etc., which are doubtless swallowed, to- 
gether with more or less dirt, as we saw in the case of the amphipods taken by the 
young animals. My informant also stated that the Florida sturgeons had a shorter, 
more recurved snout than those of the Delaware. Whether this difference is merely 
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varietal, or whether it is indicative of the existence of a different species in Florida can 
not be determined without specimens from there for comparison. It is barely possible, 
judging from the rarity of Acipenser hrevirostris in the Delaware and its small size, that 
that species reaches its greatest development farther to the south. A. hrevirostris is 
not of any commercial importance in the sturgeon industry of the Delaware, for, 
amongst the many hundreds of A. sturio which I saw at Delaware City, no specimens 
of A, hrevirostris were taken either for the sake of their roes or the flesh. The 
shorter, plumper build, and blunt snouts of the Florida form noted by Mr. Elkington 
would agree very well with the view that the species there met with is the true 
A. hrevirostris. * 

The habit which the sturgeon has of jumping up out of the water at an angle and 
projecting the body through the air for some distance is probably of the same nature 
as that of the gar-pike, which rises to the surface for the purpose of taking air into 
the complex, lung-like air-bladder. The sturgeon has been known in leaping to jump 
into small boats, and in one instance, Mr. Beeves, of Delaw&re City, informed me that 
a large individual had actually jumped from the water high enough to go through 
one of the dead-lights, near the water's edge, in the hull of a passing passenger, side- 
wheel steamer, and thus find itself an unexpected prisoner in the hold of the vessel. 

The habits of the female during the spawning season are probably somewhat 
peculiar, and, it may be, quite characteristic. Those which had spawned and were 
observed by the writer exhibited a remarkably flabby, or empty appearance of the 
abdomen. After their ova have been discharged the spent females are known amongst 
the sturgeon fishermen of Delaware City as ^^slunkers," and are of no value to them 
for caviare, but for the flesh only. Later in the season these same spent roe, or '^cow 
fishes," as they are called in the local vernacular of the fishermen, recuperate and 
become again quite plump, acquiring considerable additional weight. They are then 
more highly prized for their flesh than during the spawning season. 

The roe fishes seem to get rid of their eggs by rubbing the belly against hard 
places on the river bottom. This would seem to be the case judging from the inflamed 
appearance of the skin covering the abdomen of spent fishes. This irritation of the 
skin may arise as the result of an attrition of the abdominal walls against hard places 
on the river bottom, or possibly it is induced by attrition with the surface of the 
bodies of the males, two or more of which are said to follow the females, according to 
Russian writers, the males pressing against the abdomen of the female, thus favoring 
the extrusion of the eggs and at the same time discharging their own milt to fertilize 
the ova. 

As the season advances the spawning schools move upwards from the salt waters 
of Delaware Bay and in the neighborhood of Fort Delaware and Delaware City, 45 
miles south of Philadelphia, where they pass into brackish or nearly fresh water. 
From this point southward 20 miles, and northward as many more, it is probable that 
a large part of the spawning now occurs. Those that escape the meshes of the hun- 
dreds of sturgeon nets which sire every day stretched across their spawning grounds 
go farther north to get rid of their burdens of ova. Many more are deprived by the 
fishermen of the privilege of thus unburdening themselves, and are taken to the kill- 
ing and butchering floats at the wharves of the dealers along the river at various 
points where the nearly ripe roe is removed for the purpose of being made into 
cavaire. 
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The upward movements of the schools seem to be affected to some extent by a 
rise of the prevalent temperature of the water and air, thus making the fishing for the 
time more profitable. Conversely, a decline in the prevailing temperature is often 
apparently followed by a diminution in the numbers of fish on their way up the river, 
and a cold, late season retards the appearance of the fish from the salt waters farther 
south. A very rainy season, which has caused an unusually abundant flow of fresh 
water down the river, also interferes with their early appearance in the waters above 
Delaware City. This is 8up)>osed to be due to the fact that the water becomes fresh 
farther south than usual where the schools then remain to discharge their spawn. 
The fishing season at Delaware City is at its height during the months of May and 
June, but fish are caught during the summer and autumn and until as late as Sep- 
tember and October. 

The spawning fish or ^^ runners" (those with the eggs set free from the ovarian 
follicles and lying loose in the abdominal cavity) are usually most abundant about 
the middle or end of a ^^ run " or school of fish. The period during which the most 
spawning fish )iave been observed at Delaware City is during the month of May, 
especially the last half of the month. It is then that the greatest success may be 
looked for in getting the eggs for purposes of artificial incubation in large enough 
quantities to make such an enterprise important from an economical point of view. 

The young sturgeons, which are found in certain places in the river in such num- 
bers as to be a great annoyance to the shad and herring fishermen, in whose nets 
they become entangled, are found mostly over certain kinds of rather firm bottom 
not far from the shore, where they may be supposed to feed, and where they are 
known to pass the greater part of the year. In none of the young sharp-nosed forms 
of A. sturio have I been able to find any evidence of a fully developed roe or milt, 
and I infer that the anadromous or migratory habit is probably not developed until 
the reproductive powers are fully matured, when the migratory impulse assumes 
control of the movements of the animal. The young immature fish have been taken 
from under the ice in the river in mid- winter, indicating that they remain in the firesh 
water the whole year. 

The young of the common sturgeon reaches a length of about 3 feet before it 
begins to lose to a marked degree the sharp or acuminate snout which gives it such 
a characteristic appearance, and which has misled not only naturalists, but fishermen 
also, into the belief that these sharp-snouted forms were a distinct species. Natural- 
ists as well as fishermen have bestowed names upon the young fish in the belief that 
they were specifically distinct from the large fishes. 

The mature fishes seek a hard bottom upon which to deposit their spawn in from 
1 to 5 fathoms of water. Except when leaping out of the water and when moving 
upstream rapidly they do not seem to habitually rise to the surface. The tendency 
of the fish to seek the bottom is taken advantage of by the fishermen in the con- 
struction of their gill-nets, the cork line of which is not made to come to the surface, 
but the wooden floats are attached to cords so as to leave the upper edge of the net 
about a fathom below the surface. The nets of about 300 fathoms length and 3 to 4 
fathoms deep are laid out from sail-boats specially constructed for convenience in 
stowing and liming the net in a slightly raised compartment at the stem. The Ashing 
is done during the day-time on the Delaware, each boat being manned by two men, 
whoputout their net at the beginning of flood-tide and drift upstream. The net is fished 
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dariug slack water, and the fish are hauled on board by means of stoat, long-handled 
hooks made of five-eighth inch round iron. The fish usually reach the wharves at the 
beginning of ebb-tide, and are usually alive if they have not been too much exposed 
to the sun. The fish as soon as they are gilled make but little eflort to get free, being 
singularly tractable and manageable in spite of their great size, individuals of from 
9 to 10 feet in length being sometimes taken. The most usual size of the ^' cow 
fishes " or females is about 8 feet, and they are also stouter and longer than the 
males, which are usually shorter and more slender, ranging in size from 6 to 7 feet, 
with a slightly more narrow head, as ivS shown in the accompanying plates. 

The meshes of the nets used in gilling the sturgeon measure 8 inches on a side, or 
16 inches across, when stretched taut These nets will gill fishes ranging in length 
from about 5 to 10 feet. The smaller blunt-nosed sturgeon, A. brevirostriSy is never 
taken in these large-meshed gill-nets as far as I am aware, and, judging from the 
advanced condition of the reproductive organs in individuals only 20 inches in length, 
it is probable that it never reaches a great size in the Delaware. Upon special inquiry 
of old fishermen, 1 was notable to hear of any specimens of the short-nosed species being 
taken which had measured over about 3, or at most 4 feet. In such cases the females of 
this darker-colored, short-nosed species were found to have mature roes. 

11. THE SPAWNING FISH. 

The majority of the roe fishes which are brought in to the butchering floats are 
not quite ready to spawn. The nearly mature roe of such fishes is hard and firm, and 
the eggs have not yet ruptured the walls of the follicles and escaped into the general 
cavity of tbe body. The roes of such individuals are known to the fishermen and 
caviare dealers as '^ hard roe." The hard roe, as it is called, is the kind most prized 
by the packers of caviare. 

Occasionally fishes are taken in which the roe is quite immature. In such cases 
it is smaller in quantity than the kind mentioned in the preceding paragraph, and is 
worthless for caviare. ^ 

Another kind of roe is that which is the most valuable to the flsh-culturist. This 
sort is the kind which is just mature and ready to be artificially fertilized. Most of 
the eggs of the ripe roe have ruptured their follicles, and as soon as the abdomen is 
cut open the ova escape in great quantities, to the amount of several gallons in the 
case of a large fish. The quantity of eggs yielded by a single fish may, in fact, vary 
between 5 and 15 gallons. Estimating by the number of pailfuls of hard roe, each 
holding 3 gallons,' it may be assumed that the average is about 10 gallons. This is a 
fair estimate, as the average is probably a little above three pailfuls, each holding 
3J gallons. The eggs measure 2.C™™ in diameter, or a little less than one-ninth of an 
inch. At this rate we should find about 168,000 eggs to the gallon, and a total of from 
800,000 to 2,400,000, according to the amount of roe in a single fish estimated in 
gallons. 

The eggs, when in exactly the right condition, are globular, nearly a ninth of an 
inch through, and vary in color from a very light brown to a very dark brown. At 
one side a darker round disk may bo observed, the diameter of which is about one- 
[ourth of the circumference of the i^gg. This disk is also quite as visible in ova which 
have not yet escaped from the follicles in which they were developed, as in the **hard 
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roe," for example. The darker discoidal area is the germinal area of the egg of the 
sturgeon, and is the point where development lirst manifests itself to the unaided eye 
through certain changes in its shape. 

The eggs of the kind above described should retain their globular form^ like so many 
shotj and should show no signs of adhering to each other. If the round area at one side 
of the eggs should appear distorted or broken^ it is also a sign that the eggs are probably 
worthless for fertilization. 

Eggs with a round disk, if they flow freely from a slit cut through the walls of the 
abdomen of the recently caught living lish, may be fertilized without difliculty, provided 
a ripe male is at hand. Eggs which do not answer to the requirements given in this 
paragraph it is not worth while to waste time over. 

It frequently happens that running or ripe fishes are brought in which have a great 
abundance of loose eggs in the abdominal cavity, which are entirely worthless for pur- 
poses of fertilization. Upon examination, it will be found that in such cases the eggs 
either have the discoidal germinal area distorted and injured, or else many of the ova 
have had their thin covering or zona radiata ruptured, and the yolk has been crushed 
and has escaped as a slate-colored substance. This rupture and injury to the eggs is 
due to the entrance of water from the outside, through the oviducts and geni to-urinary 
passages, into the body-cavity, the presence of the water causing the glairy, adhesive 
coating to set or harden, and with which all the ova are covered upon leaving the 
follicles in which they were matured. This hardening of the mucigen which covers 
the eggs, in the presence of water, and while still with the body of the mother fish, 
will cause the bursting of the egg-coverings if such fish do not get the chance to dis- 
charge their eggs at once, or happen to be roughly handled in the boats, as the ova 
adhere in great masses, the breaking or crushing of which also ruptures the individual 
eggs of which they are composed. Such roes are of no. service whatever as a source 
of supply for pur^ioses of artificial fertilization. Roes of this kind may be at once dis- 
tinguished by their sliminess and the slate colored appearance of the contents of the 
broken eggs. 

Another type of roes are those of the entirely spent fish, which has discharged all 
of its mature eggs. The roes of such fishes are no longer brown, and the leaflets of 
which they are formed are made up of very small pinkish or pale, and very young ova. 
Such fishes may be distinguished by the flabby, collapsed, or shrunken abdomen, since 
the remnant of immature roe left behind in the body-cavity is hardly a tenth part of the 
volume of the ripe ovaries as seen in fishes with mature or " hard roe." The rem- 
nant of the roes of a fish which has only recently got rid of its burden of eggs looks 
ragged when the ovary is wetted and floated out with water ; this is due to the presence 
of the collapsed leaflets formed of the vascular and cellular tissue from which the ova 
have escaped. These leaflets of the roes are disposed transversely on either side of the 
mesentery, or thin membrane, which fastens the alimentary tract to the middle line of 
the dorsal wall of the body cavity. 

While the nearly mature roes of the females are relatively of great size — greater in 
fact than any other viscus of the body — they are also usually dark in color, as may be 
gathered from the figure in Plate LI, showing the roe exposed. The color of the nearly 
mature or " hard roe " is also subject to some variation. Occasionally fishes are found 
in which the roe is quite pale, and hardly darker than the other viscera. This is due 
to the nearly complete absence of pigment granules in the yolk of the individual 
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eggs, the pigment being diffused in flne particles throughout the substance of the egg 
of the sturgeon, somewhat as it is throughout the ovum of the batrachia. The next 
grade of coloration of the roe is a very much darker one ; brownish, with a decided 
shade of gray or lead color, when the roe is viewed as a whole. This last-mentioned 
shade of roe, which is quite common, is known as *' light roe " amongst the packers 
of caviare. Several gradually darker shades may be recognized between this last- 
named variety and the next, or the quite ^' dark roe " as it is called by the dealers, who 
are careful not to mix the lighter and darker kinds together in the manufacture of 
caviare } the reason for which is, that the light aud dark eggs when mixed together 
give to the caviare so prepared a ^^ pepper and salt " appearance which is not considered 
desirable by dealers. 

These differences in the color of the roes is wholly due to the presence of more or 
less pigment in the iudividual eggs. The germinal area or disk of the eggs of the 
dark roe is almost black, while in the light roe this area is not so dark, and there is 
a distinct dark dot or spot in the center which is surrounded by a light zone, outside 
of which there is a much darker superficiaT ring of pigment which marks the edge of 
the germinal area. 

The internal reproductive organs or testes of the male sturgeon are not nearly so 
large as the roes of the females, which may vary in weight from about 50 to as much 
as 120 pounds. The testes probably never much exceed 10 or 15 pounds in weight, 
and are cream-colored, witli a shade of pink, instead of having the dark tint which 
characterizes the roes of the females. The form of the testes is that of a compressed 
irregular series of bodies, separated from each other by narrow constrictions, and 
present as paired orgaus on either side of the mesentery. In cross-section the seg- 
ments of the testes are oval, the mature, sexually active organs being nearly 2 inches 
thick and 3 to 4 inches wideband extending for a distance of 18 inches to 2 feet on 
either side of the body-cavity. The transverse subdivisions of the testes is subject to 
variations in different individuals, some having them subdivided into a greater num- 
ber than others. 

When the testes are mature, upon cutting them across, the larger ducts will be 
made apparent from the readiness with which the milk-white, viscid seminal secretion 
escapes from their cut ends. The testes may be removed from the living male and the 
semen, or milt, pressed from the fragments, especially from the larger ducts found 
along the dorsal border of the organ. I have upon two occasions tried to fertilize the 
eggs with milt pressed from fragments of the testes, but without success; yet this 
experience is not to be taken as conclusive that it may not be done. In both cases 
the ova which were at my disposal were probably not in condition to be fertilized. 
Where large numbers of the eggs of the sturgeon are to be fertilized, I think that it 
may be necessary to resort to this method, as I find that it is somewhat difficult to 
press out much milt from the testes by means of j^ressure upon the abdomen of the 
sexually mature male. If the abdomen is firmly pressed with the foot, accompanied 
by a firm backward stroke of the lejj:, a few drops of a milky secretion are forced out 
of the genitourinary opening Just behind the vent. The secretion forced out in the 
manner described is thin and watery, not being much more consistent than skimme<l 
milk, whereas the secretion from the ducts of the testes is intensely white, glJiiry, and 
viscid, but readily breaks up and thins oat in tlie presence of water to form a milky 
mixture, swarming with spermatozoa. The only successful results in fertdizing the 
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eggs were with the thin milt forced oat from the abdomen and testes by pressore and 
strokes upon the abdomen with th^ foot, thongh there is no reason why good resnlts 
should not be obtained by pressing the milt from fragments of the testes, in the 
same manner as the siiermatozoa of the oyster, star-fish or of worms are obtained, 
when it is desired to artificially fertilize the ova of these forms. That good results may 
be thus obtained in dealing with the milt and eggs of the sturgeon I have no doubt 
whatever, since the only good lot of eggs which I had the opportunity of successfully 
fertilizing was one batch which were removed from the old fish by cutting open the 
abdomen. 

In practice I should recommend such a method of pseudo-GsBsarean section above 
every other, because in attempting to forcibly press out the ova of the sturgeon 
through the genito-uriuary passages I believe that they would probably be far more 
liable to injury than if removed from the old fish by slitting open the belly. 

In getting all the eggs out of the abdomiual cavity, I would suggest that the 
abdomen of the live fish be slit open in the median line, and its head raised so that 
the eggs may be run out into large pans to a depth of 2 or 3 inches, a little water added 
and the live milt put with tbem and gently stirred albout with a feather so as to mix 
the eggs and milt. The very important steps which must immediately follow the 
removal and fertilization of the ova are very important and may be stated under the 
head oi 

12 HANDLING THE EGOS. 

Not more than twenty minutes should be allowed to elapse after the time the milt 
and eggs are mixed together till they are spread upon cheese-cloth trays, one egg 
deep, or in a single layer. If this is not done immediately the eggs will stick 
together in large masses, causing those at the center of these masses to be asphyxi- 
ated for want of oxygen, which under such circumstances cannot find access to them. 
Other equally serious evils follow from allowing the eggs to adhere together in large 
masses, and the principal one is that if such masses are irregular and of any size, if 
broken, the eggs along the line of fracture of the mass will be broken and destroyed. 

It is therefore very important that a large number of trays properly constructed be 
at hand ui>on which to spread the egga^ if any extensive hatching operations are to be 
conducted. The eggs will adhere very firmly to the surface of the cheese-cloth in a 
few hours, after which further watchfulness is necessary, in order to keep down any 
fungus which may api)ear upon the dead eggs, of which there will always be some. 
It may be possible that panes of glass would serve the same purpose as the cheese- 
cloth trays, if a current of water were allowed to flow very slowly between a superim- 
. posed series of glass plates properly disposed in a trough. 

The experience of European investigators, Knoch, in 1871, being amongst the 
earliest, has been the same as that of myself in finding that the ova of the Aoi- 
ptnseridcB were adhesive. Knoch worked with the eggs of A. ruthenus^ or the sterlet, 
and his account of the adhesiveness of the eggs of that species agrees closely with 
my own. 

I find that the ova are more or less adhesive immediately upon their removal from 
the abdominal cavity, so that if one tips for an instant a vessel to one side in which 
the eggs are contained they at once form a coating of a single layer over the surface 
to which they have been thus momentarily exposed. Upon admixture with water the 
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adhesive material with which the eggs are covered seems to be dissolved somewhat 
and becomes diffused through the water, so that the whole becomes ropy. If a lot of 
the eggs is takeu up in the hand from the water glairy filaments formed of the ropy 
solution will trickle down between the fingers, and if the wind is blowing these may 
be drawn out for the length of 2 feet or more. 

This glairy or ropy character of the partly dissolved coating of the eggs persists 
for some time, usually for thirty minutes or so, after which time the glairy substance 
hardens or coagulates in the presence of the water and the gases held in solution by it. 
In process of hardening the glairy, sticky coating of the eggs firmly fastens them to 
whatever they are brought into contact with, and after that has.occurred it is scarcely 
possible to detach them without injury to their delicate, thin envelops and their soft, 
viscid contents, consisting of yolk substance and protoplasm. The sticky coating of 
the eggs finally remains as a grayish-white, tough, slightly elastic covering envelop* 
ing the egg membrane proper, and varies in thickness at different points on the surface 
of the ova. It is also the material which will cause the eggs to adhere in clusters or 
masses, sometimes as large as a man's head, if they are left together in large quan- 
tities in a vessel with a little water. 

The trays used at Delaware City, on board the steamer Fish Hawkj were made by 
tacking cheese-cloth to light wooden frames a foot wide and 18 inches long, then 
loading the edges of the frames with strips of sheet lead to keep them immersed. 
These trays [)laced on ledges in a superimposed series, in a trough through which 
the water is allowed to fiow gently, is a very efficient hatching device. Floating 
hatching boxes with brass wire gauze bottoms and small openings at the sides 
covered with the same kind of gauze have been successfully used by the Germans, one 
having been brought from Germany by Mr. S. Feddersen, of Port Penn, Del., from 
Hamburg. This device is quite simple and was placed at my disposal through the 
courtesy of Mr. R. Anderson, of Delaware City. It seems to me very well adapted for 
the purpose for which it is designed. 

The floating box in which the writer succeeded in hatching out a batch of the eggs of 
the sturgeon was exceedingly simple in construction and consisted of a soap box with 
the toj) and bottom removed, the bottom for which was then replaced by tacking cheese- 
cloth to the lower edge of the rim, and by nailing wooden strips to serve as floats to 
the sides of the box, a very efficient hatching device was extemporized. These boxes 
so modified were placed at the edge of the large fresh-water pool near the extreme 
eastern end of the Chesapeake and Delaware Canal at a point where there was a con- 
stant flow of fresh water under them. The only lot of fertilized eggs which the writer 
succeeded in obtaining were spread on the bottoms of these boxes and left to hatch. 
In six days from the time of fertilization the young fish made their appearance. 
The rapid appearance of a parasitic Iresli- water fungus, however, caused such exten- 
sive mortality amongst the eggs that very few embryos survived to escape from the 
egg membranes. This fungus, which appeared to be a Saprolegnla^ is developed from 
spores which seem to be almost everywhere present in fresh water. The mycelium 
spreads very rapidly, attacking dead eggs first, and spreading from them to the live 
ones, which are then invaded and killed or asphyxiated b^' the fungus. The only way 
in which this pest can be kept down is to go over the trays and with a small forceps 
pick off the dead eggs and keep the living ones as clean as possible. Where the 
work of propagation was being (M)ndu(*.ted upon a large sciile the attendants would 
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probably have to be very vigilant in their attention to the egg% in order to keep the 
fongns under control. 

The method of incubating the eggs upon trays of cheese-cloth, will enable the attend- 
ants to readily handle the attached eggs in shallow troughs of running water, and in a 
good light all the dead eggs or those with any fungus attached may be very readily 
removed. With close attention to the details of the work of propagation very impor- 
tant results might be attained and the work of restocking the Delaware and other 
streams might be undertaken with a very fair prospect of success. This view I think 
may be assumed as fully warranted when it is remembered that as many as 800,000 eggs 
may be obtained from a single fish. These would cover fifty trays measuring 12 by 
18 inches, or about 75 square feet of surface. 

This large number of trays might be oi)erated in a small space in troughs aboard 
a vessel adapted to fish-hatching or the trays might be placed in wire cages to keep 
out predaceous fishes, insects, etc., and partly sunk into the water in such a place as 
the fresh water pool near the canal lock at Delaware Oity. With a small pumping 
engine the supplies of fresh water might be supplied for the purpose of cleaning and 
overhauling the eggs in a small building near by which might be provided at a slight 
expense for this purpose. 

13. OBTAINING THE EGOS. 

The best source of supply for eggs the writer has found to be the live fish which 
are brought to the Delaware City butchering floats, directly from the gill-nets. These 
fish, if they have been handled with a slight amount of care, will be found alive and 
in condition to yield living spawn. Two precautious may be taken by the fishermen 
which will be of great service in keeping the fish alive in the boat. These are to cover 
them so as to keep the sun off, and to occasionally sprinkle the head with water to 
keep the gills wetted. As an inducement to the fishermen to take extra precautions 
with the fish it might be found expedient to offer them the same compensation for a 
fish with good ripe roe, suitable for fertilization, as they could get for a hard roe from 
the dealers in caviare. In order to get the male fish in good condition it might be 
well to offer an equal consideration for a male with flowing milt. Fishes of either sex 
would then be handled by the fishermen with such care as to aid largely in guaran- 
tying the availability of their spawn. 

It has also been suggested that the spawning fish be ^^ haltered." The haltering is 
accomplished by passing a rope through the mouth and gills and tying the animal to 
a boom or post near the shore. The difficulty in that case is the ease with which 
lampreys and eels attack the sturgeon; besides, it is said that the eggs of such fishes 
as have been haltered or kept in confinement become valueless for purposes of fertil- 
ization. Such, at least, has been the experience of the Russian investigators who 
have undertaken to obtain their supplies of embryo from fishes kept in confinement. 
It is probable that the eggs of the sturgeon, as has been found in the case of the clupe* 
oids or herrings, when kept in confinement, become disorganized and incapable of fer- 
tilization. In the case of certain members of the herring family, the mature eggs of 
fishes kept in confinement undergo such changes of disorganization as to be readily 
noticeable under the microscope. This singular effect of confinement upon the ripe 
eggs in the roes of fishes has been supposed to be due to fright. Such an explanation 
Bull. U. 8. F. C, 88 18 
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of the fact wonld seem to find some confirmation in the circamstance that many feral 
mammals when placed in confinement refuse to breed and become practically sterile. 

Judging from the number of live spawning fishes brought into Delaware Gity, Port 
Penn, and other places on the Delaware, there is but little doubt that several millions 
of ova for hatching purposes might be obtained each season by vigorous and faithful 
exploitation of all the sources of supply. To get the eggs will require that spawn- 
takers be distributed to each of the principal points where the caviare is packed and 
to closely watch the character of the fish as they come in and to immediately take the 
spawn in pans. If no mature or milting males are at hand the eggs are, of course, of 
no value. 

Owing to the great size and weight of the fish, taking the spawn from them directly 
in the sturgeon boat« of the gillers will be found impracticable, since there would be 
too little room in which to work comfortably; besides, the fishermen would object to 
having their boats littered with the adhesive eggs, which stick to everything with 
which they come in contact. 

Pennsgrove, Port Penn, and perhaps other points besides Delaware City, will be 
good points to operate, provided the water is not too brackish, which is greatly de- 
pendent upon the season, the river, as remarked before, being fresh much farther 
south during one season than during another. 

Important aid has been promised the agents of the U. S. Fish Commission by the 
State commissioner of New Jersey, and I have found that intelligent fishermen and 
caviare packers were also very ready to lend valuable assistance at Delaware City. 
Amongst those at the latter place to whom I have been under great personal obliga- 
tions I must not omit to mention Mr. Reuben Anderson. 

14. METHODS OF STEB.ILIZnrO THE WATER USED IS HATCHIKO THE STUROBOV. 

Our experience with adhesive eggs of all kinds has always shown that it is diffi- 
cult to prevent the lodgment and rapidly fatal germination of the spores of Sapro- 
Ugnia or Achlya, genera of fungi or moulds, found in all fresh waters upon dead as 
well as living fish eggs, and the rapid and fatal spread of the mycelium from afifected 
to unaffected ova. So rapidly does this fungus grow that in a very short time its 
ravages will extend over an entire tray of adhesive eggs, so that in the course of four 
or five days the whole lot will be found to be covered with a mycelium, which by that 
time has not only passed into the fruiting or spore-producing stage, but has completed 
its work of destruction. 

The eggs are destroyed by the ftingus sending filaments into their substance, 
while the mesh of the mycelium also affords lodgment for dirt, so that the two 
together effectually shut off the possibility of oxygenating the ova, so that they are 
smothered. The ova so affected are finally appropriated as nutriment by the fungus, 
which rapidly produces its spores or germs in vast rayriails, only to pollute the water 
still more plentifully with its destructive germs. 

How to prevent the inroads of this pest is a matter of the very highest impor- 
tance, since upon the successful solution of this difficulty depends the success or failure 
of the artificial propagation of the sturgeon from artificially' fertilized ova. 

My experience with eggs of the sturgeon at Delaware City proved that they were 
particularly subject to the destructive attacks of this type of fungus, and that unless 
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some practical method was devised of overcoming losses from this cause it woald be 
of little use to attempt to do much in the artificial propagation of this fish. In the 
course of about five days the eggs, which were placed on the cheese-cloth bottoms of 
the floating hatching boxes, which I had arranged in the large fresh-wa^r pool con- 
nected with the eastern end of the Chesapeake and Delaware Canal, were for the 
most part attacked so as to be beyond the possibility of rescue. Not more than about 
5 per cent, of the whole number were by that time free from the parasitic fungus, so 
that those which survived to hatch on the sixth day were very few in number. 

A serious dif&culty was also encountered in the. firmness with which the affected 
eggs adhered to the cheese-cloth and to the good ones, so that it was found to be very 
hard to remove the damaged ova without injury to the good ones in attempting to 
thus prevent the spread of the scourge. In consideration of this circumstance the 
only practicable remedy seems to be prevention ; that is, the germs of the fungus 
must be removed from the water used in treating the ova when they are fertilized and 
in hatching them. Or, the water used in fertilizing and hatching the eggs must be 
sterilized. Of these two methods the first seems to be the simplest and easiest of 
application, since the spores of the Saprolegnia are comparatively large, so that they 
may be removed from the water by a system of filtration. 

If a system of cotton- wool filters were attached to the supply from the pumps in 
such a way that the water could be continuously forced through one of a series of 
filters, while others of the system were beiog cleaned and renewed, it would probably 
be possible to get the water used in the hatching operations free from the noxious 
spores or germs of the fungus. This plan would not involve the expenditure of any 
additional steam-power and but little additional labor and expense. The hatching 
troughs, with their trays of eggs, would of course have to be provided with tight- 
fitting covers to exclude the dust and possible contamination from the air. 

Another more expensive but perhaps more thorougfi method would be the sterili- 
zation of the water used in the hatching operations. This could only be accomplished 
by means of heat, supplied by the superheated steam from the boilers of the pumping- 
engines conveyed into a closed iron chamber with an outlet for the condensed steam. 
Through a coil of pipe placed in this heating chamber, the water used in the hatching 
operations would be forced and heated up to a point in its passage through the coil at 
which the germs of the fungus would be killed. The heated water for hatching would 
then have to be passed through a second coil, submerged in the cold running water of 
the river, to again lower its temperature to that of the water before heating, after 
which it would be safe to let it flow over the eggs. The water if heated in this way, 
however, might be so deprived of air which it had contained, that it would be necessary 
to aerate it. This could probably be done by allowing it to flow under pressure from 
fine nozzels in a fine spray, so as to carry air into the water in the tanks, the nozzles 
being so disposed as to have their outlets elevated several inches above the surface of 
the water, in the same manner as the water is aerated for the aquaria at the Central 
Station of the U. 8. Fish Commission at Washington, and in the hatching rooms in the 
laboratory buildings at Woods Holl, Mass. 

Another method which suggests itself, is to force the water for purposes of sterili- 
zation through a coil of copper pipe, suspended over a furnace grate arranged some- 
what after the manner of a Ilerreshoff steam coil-boiler, then conveying the water 
through a second coil submerged in running water at the ordinary temperatue, and then 
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through an aerating apparatas similar to that described above, to fit it finr hatching 
pnrposes. 

These methods if carried ont rigorously will assure the snccess of hatching onttbe 
eggs of the sturgeon to the extent of many millions, so that the chances of survivalof 
great numbers of protected young may be reasonably couuted upon, and thus enable 
the Fish Commission to increase the source of a good supply, the value of which can 
only be appreciated by those who have investigated the magnitude of the sturgeon 
fisheries of the United States, and the large annual value of the caviare now very ex- 
tensively exported to Europe. 

16. SEnnriHO the stuegboh ahd pbepabiho the flesh foe kaeket. 

Except the eel and cat-fish the sturgeon is one of the few fishes which is skinned 
and dressed before it is sent to market. Attempts have been made to convert the 
skin of the sturgeon into leather ; the microscopic structure of the integument of this 
animal is in some respects very favorable to its conversion into leather, since the 
deeper layer of the skin contains a great abundance of fibrous tissue. The presence 
of the great dermal bony bucklers or scutes, however, interferes with the necessary 
processes of manipulation in tanning, so a« to leave holes in the tanned skin. These 
bucklers are so firmly embedded and form such an integral part of the skin that it is 
not probable that it can be successfully or profitably converted into leather. 

The fish, when brought in to the floats to be opened to remove the caviare and 
dressed, are laid upon the side and the operator proceeds to cut about eight short 
longitudinal slits in pairs on either side of the middle line in the inferior part of the 
abdominal walls. These are very quickly made by thrusting the point of the butchei's 
knife through the abdominal walls with a rapid stabbing motion. 

The abdomen is then slit open along a line midway between the four pairs of short 
slits, from a point just behind the inferior part of the pectoral arch backward to the 
anus. The short slits which are thus left near the edges of the great flaps formed by 
slitting open the abdomen, serve as " hand holds ^ and assist in a most important way 
in removing the skin, which is removed from the flesh of the trunk and anterior cau- 
dal region by freeing it first along the ventral and lateral region and at last along 
the back. 

The head is removed with a cleaver, cutting through the fore part of the trunk and 
so as to remove the lower part of the pectoral arch and pectoral fins. The tail is also 
cut off across the narrow peduncle. The tail is often cut off first in order that the fish 
may bleed freely from the caudal aorta and die quickly, as the powerful tail, if the 
fish is still alive and struggling, may strike the operators disagreeable or even dan- 
gerous blows. The heads, tails, skins, and viscera are carried off from the floats, where 
the tish are dressed, by small vessels which gather this offal and take it to guano fac- 
tories where the oil is extracted and the remaining flesh, bones, and cartilage dried for 
the purpose of converting it into guano. 

After the removal of the skin the carcass of a large female sturgeon will weigh 
about 100 pounds, usually somewhat less. The value of the dressed carcass varies, 
according to the condition of the market, from 3 to 10 cents per pound. The dressed 
carcasses are packed in ice for shipment in the usual way. When the shippers are 
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waiting for advance in the price the eviscerated carcasses with the heads and tails 
removed are packed in their ice-hoases without removal of the skin. This is done 
because it has been foand that the flesh keeps longer and in better oondition in ice, 
nnder those circumstances. 

1& THE KAKUFACrnSE OF CAVIABE, AHB THE VALUE OF THIS IHDnSTBT 

OH THE DELAWARE. 

The ^^ cow-fish " with ^^ hard roe ^ is the only kind that is available in the mauutlEfcct- 
ore of caviare. In this type the roe is firm and the individual eggs are sufficiently 
resistant, with their double covering consisting of the egg membrane and the invest- 
ing vascular follicle, not to be readily ruptured and discharge their contents while 
being separated. The roe is carefully removed from the abdominal cavity so as to not 
bring it in contact with water, and as soon after the capture of the fish as possible. 
From three to five pailfuls of roe, each holding 3^ gallons of eggs, are removed from 
a single fish. This includes the investing membranes of the ovary, the vessels, and 
supporting tissues of the organ. These portions are in reality a very small part of 
the organ, so that there is but little waste from this source. This waste from the 
sturgeon roe is a favorite bait with fishermen who fish for eels, the eel-pots being 
baited with this refuse by the fishermen. oi)erating near the caviare packing establish- 
ments. 

The process of ^' rubbing the roe,^ as it is called, is very simple. The fresh masses 
of roe are placed upon a screen, which fits over a zinc-lined trough 18 inches deep, 2 
feet wide, and about 4 feet long, and with its bottom sloping to one end, where an out- 
let is arrangeil. The meshes of the wire screen are just large enough to let the sepa- 
rated eggs fall through as the masses of ova are rubbed back and forth over it by the 
operator. The separated ova fall into the trough and are drawn off at one end through 
an opening closed by a sliding door into clean half-barrel tubs. After the roe is 
brought into the condition in which the eggs are all separated a certain proportion of 
the best German salt, from Liineburg, is added and carefully stirred in with the eggs 
in the tubs. The manipulation of the eggs is done altogether with the hands, and at 
first, when the salt is added to it, the effect is to dry the mass, but very soon the strong 
affinity of the salt for the watery constituents of the ova causes it to abstract their 
water and a brine is formed which soon becomes so copious that the contents of the 
tubs may be poured. The brine, formed as above, appears in about ten or fifteen 
minutes after the salt is added. The salted eggs are then poured into sieves which 
hold from 8 to 10 pounds of the salted eggs. These sieves, with their contents, 
are then placed upon sloping planks with a strip nailed on each side in order to drain 
off the brine. After several hours the draining is completed and the product is the 
caviare of commerce. From the sieves the caviare, as the separated and salted ova- 
rian eggs are henceforth known, is transferred to small, oaken casks, holding about 
150 pounds apiece. Into these casks the caviare is carefully packed so as to fill the 
vessel completely, and when closed is ready for the market. 

Careful packers keep the dark and the light varieties of roe separate, since mixing 
the two gives a speckled appearance to the product which is not desired by the dealers. 
Cleanliness in handling the product is also insisted upon by experienced caviare pack- 
ers. The finest caviare made in Amorica goes to Europe; the inferior grades are 
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retained for the less critical home market. The import duties paid to the German 
Oovernment by packers of the American prodnct is aboat 18 cents a poand, and the 
amount of the tax thus paid into the Imperial Treasury of the German Empire must be 
considerable, since a single dealer, operating on the Delaware during the season of 
1888, put up about 50 tons of it for the German market. The principal port of entry 
for this product into the European market is Hamburg. 

The caviare produced from the lake sturgeon (Acipenser rtibicuTidua) is said to be 
the best, the eggs being somewhat larger than those of the common species, A. sturio. 
The whole of the caviare produced upon the eastern coast of the United States is made 
from the roes of A. sturio^ the short-nosed species, A, hreviro8tris^ not being found in 
sufficient numbers or size to make it an object to c^ollect its roes for caviare. Caviare 
is also prepared from the A. transmontanua^ white sturgeon, Columbia River, or Sacra- 
mento sturgeon as it is variously called, although this industry is not yet conductied 
upon so extensive a scale upon the Pacific as upon the Atlantic coast. The roe of the 
green sturgeon, A. medirostris, of the west coasts does not seem to be used for caviare. 
The white sturgeon is the largest, rivaling in size the common eastern sturgeon, while 
the lake sturgeon is smaller, not usually much exceeding 100 pounds in weight. 

On the eastern coast the Delaware River and Bay is now the principal resort of the 
common sturgeon and the seat of the only profitable fishery of this species, unless the 
Florida sturgeon should prove to be the same form. The amount of capital invested 
in boats, nets, and small sloops engaged in this business on the Delaware is very con- 
siderable. The experience of the dealers and fishermen shows that a steady falling off 
has occurred in the catch within a few years. This, coupled with the circumstance 
that the fishery is now only profitably conducted south of Wilmington and that the 
Delaware now has the only profitable sturgeon fishery north of Florida, is sufficient 
to prove that it is high time that something was being done to stay the extinction of 
this fish. The total value and enormous yield of eggs of the Delaware fishery may be 
inferred from the fact that a single caviare packer collected and shipped, as stated 
above, about 60 tons of this product to Europe during the season of 1888. The great 
demand for the caviare has, within a very recent period, made the fishery profitable 
to the fishermen, many of whom own their boats and gill-nets. From all the iuforma- 
tion that I can gather, it is safe to assume that the annual vahie of the sturgeon fishery 
of the Delaware must be somewhere between $100,000 and $200,000 per annum. This 
industry may be maintained by prompt and efficient action, and to this end it is the 
hope of the writer that the foregoing account of experiments, results, and observations 
may successfully contribute. The only means of maintaining and increasing this 
industry is through the artificial propagation of this fish, which I have every reason 
to think may be successfully accomplished at a comparatively insignificant outlay. 
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21. Parker, William Kitchen. On the structure and development of the skull in Sturgeons. Philo- 
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22. Retz'ius, Gustav. Das Gehororgan der Wirbelthiere. 4to, vol. i, Stockholm, 1881. (The internal 
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23. Rosenthal, Friedr. Ichthyotomische Tafeln. 2te Auflage^ Berlin, 1839. (Plate xxiv represents 

the skeleton of A. sturio.) 

24. Salensky, W. Zur Embryologie der Ganoiden (Acipenser). Zoolog. Anzeiger, i, Nos. 11, 12, and 

13, 1878. 

25. Salensky, W. Development of the Sterlet (^oipciwerrutAcMiM). Two parts. Proceedingsof the Soci- 

ety of Naturalists in the Imperial University of Kasan, 1878 and 1879 (Russian). See also 
Mofi^rnaun and Schwalbe's Jahresherioht for 1878 and 1879, for abstracts in Grerman. 

26. Salensky, W. Recherches sur le ddveloppement du Sterlet {Acipenser raV enus). Archives de Bio- 

logie, tome ii, 8vo, Gand et Leipzig, 1881, pp. 233-341, pis. xv-xviii. (Fully illustrated 
abstract in French of this au thorns work on the early stages.) 

27. Sep:i.y, H. G. The Fresh-water Fishes of Europe. 8vo, London, Cassell & Co., 1886, pp. x and 

444, figures 215. (Recognizes ten valid species of Sturgeons in Europe. The illustrations are 
borrowed from the German work of Heckel and Kner, No. 14.) 

28. Zograff, Nikolaus. lleber die Ziihne der Knorpelganoiden. Biolog. Centralblatt, vii, No. 6, 

May 15, 1887, pp. 178-183, and Nachtrag in same, No. 7, June 1, 1887, p. 224. (Discusses the 
palatine teeth of young ChondroHteans.) 

29. Zograff, Nikolaus. Embryonale Rlickentlosse des Sterlet. Biolog. Centralblatt, vii. No. 17, 

November 1, 1887, pp. 517-521. 

30. Zograff, N. Material toward the study of the organization of the Sterlet. First series. In re- 

ports from the laboratory of the Zoological MiiHcnm of the University of Moscow, 4t'0, tome 
III, third series, Moscow, 1887 (Russian). (Some of the new results recorded in the above are 
contained in the two preceding papers by the same author. The outlines showing variations in 
the forms of the heads of the various Hpocies of Sturgeons found in Russian waters and the care- 
fully prepared tables of measurements are doubtlesH an important contribution to the natural 
history of these fiHhes; but, unfortunately, the language in which the work is])rinted makes it 
inaccessible- to naturalists and students speaking other languages.) 

31. Article, ** Sturg«*on,*' EiicycIopMMlia Kritannica. Ninth edition, vol. xxii, pp. 611-612. (Illus- 
trated by a tinely executed tigure of Acipenser rutlienus,) 



THE STUBGEONS AND STUBGEON IKDUSTBIEB. 281 



18. EXPLAVATIOH OP THE PLATES. 

EXPLANATION OF BEFEBBNOE LETTBBS IN PLATES XXXYH TO LIX. 

Af Vent or anos; Au, Aaditory capsule. 
Bt Barbels; Bf, Branchial filaments; BA^ Balbns arteriosns. 
Ck, Chorda or notoohord ; Cop^ CopnlaB ; CV, Cavierian dnot. 
Z>e, Dentary ossification. 

E, Eye ; EO^ Exoccipital so ate. 

F, Frontal scute; F, in fig. 51, membranous floor of aorta. 

GB, Gall-bladder ; GB, Genital folds or ridges ; O, Genital opening. 

Hot Hi, Heart; Hh^ primary cerebral vesicle ; Hy, Uyoid; HA, Hepatic artery ; HM, Hyomandibular 

bar. 
/, Inner coat of intestine in fig. 47 ; J, F, I", intestine, and first and second loops of intestine ; i, W, tii, 

iVy V, branchial arches. 
//, r, X, Foramina for second, fifth, and tenth cranial nerves ; lA, Inferior arches of vertebrse. 
KpL, Embryonic, cephalic mesodermal tissue. 
LL', Right and left lobes of liver ; Xy, Lymph cord of spiral valve. 

Mf Mouth ; M' and MK, Meckel's cartilage ; M'", Mesentery ; M'"*, Bristle throngh opening in mesen- 
tery ; MDy Maller*8 duct or oviduct ; MCA, Anterior coraco-arcualis muscle. 
Nf Kidney or Wolffian body ; also, nasal scute, fig. 45 ; Na, Nasal capsule. 
O, Outer coat of intestine ; OE, (Esophagus ; Or, Orbit ; Op, Opercle. 
P, Pancreas. 
PAf Abdominal pores ; PC, TranHverse or i>ericardial septum ; PC, Pericardial cavity ; PF, Pectoral 

fin ; Pf, Pf, Pre and post frontal scutes; Pf, Pectoral fin, in fig. 18; PN, Pneumatic duct ; 

PV, Hepatic vessels ; PI and PQ, Palatopterygoid or palatoquadrate ; Py, Pylorus. 
Bt Bostruiii and rostral scutes ; Bm, Adductor muscle of mandible. 
8, 8>, Spleen. 
dp, Spiracle; 8tf, Rostral disk; 8V, 8V, Spiral valve; 8T, Stomach; 8p, Sympleotio; /fiF, Spiral 

fold ; SO, Supra-occipital scute ; 8p, Neural spines. 
UG, Urogenital canals or ducts. 
V, Ventricle ; V, Nerves going to barbels ; VN, Swim-bladder ; VF, Ventral fins and their site in fig. 

52 ; VA', FA'\ FA'", Primary visceral arches in fig. 10. 
WG, Wolffian ducts in embryot figured. 
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EXPLANATION OF PLATE XXXVII. 

Fig. 1. Mature egg of the common stargeon, enlarged sixteen times, dark variety, seen in profile, 

showing the dark germinal pole above with the light and dark rings around it. 
Fig. 2. Mature egg, pale variety, of the common sturgeon, from the upper pole, showing the dark spot 

in the center of the germinal area in which the mioropyles are situated, with a pale ring 

around them, beyond which comes a darker zone. 
Fig. 3. Embryo of common sturgeon of ninety-six hours, showing rudiments of three visceral arches, 

the eyes, auditory organs, cerebral vesicles, and heart ; enlarged sixteen times. 
Fig. 4. Ventral view of an embryo of the common sturgeon in the egg, showing the front of the head 

and the flattened tail curled over the yelk- bag ; slightly younger than the preceding. 
Fig. 5. Egg of the sterlet at the completion of segmenation of the yelk. The smaller blastomeres at 

the upper pole represent the germinal or embryonic area After Salensky. 






Plate XXXVII. 
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EXPLANATION OF PLATE XXXIX. 

Fig. 9. Embryo of sterlet, still more advanced, after the closare of the medullary groove and fomi»- 
tion of spinal cord; twenty-four embryonic segments visible and the two pronephric or 
Wolffian canals formed on either side, while in front (npper pole of figure) the cephalic plates 
of mesoblast appear on either side of the rudiments of the brain. After Salensky. 

Fig. 10. Embryo of the sterlet, showing its anterior end from above ; three visceral arches, frontal 
process, the cerebral vesicles, auditory pits, Wolffian ducts, and twelve embryonic segments 
. are developed. After Salensky. 

Fig. 11. More advanced embryo of the sterlet, showing the anterior part of the body and head. Audi- 
tory and nasal organs, heart, vitelline circulation, and brain more developed than in preced- 
ing figure. After Salensky. This figure represents a stage slightly more advanced than my 
figure 3 of the embryo of the common sturgeon. 



Bull. U. S. F. C l88S.-|Tillac>ptEt :Sa.t Rydc. 



Plate XXXIX. 
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EXPLANATION OF PLATE XL. 

Fig. 12. Tonng sterlet, recently escaped from the egg ; yelk-bag still very large. Total length, 5p>». 
After W. K. Parker. 

Fig. 13. Yoang or larval sterlet, somewhat older than foregoing, 6^™™ long. After W. K. Parker. 

Fig. 14. Larval sterlet 9^™™ long, showing the branchial filaments exposed beyond the membranooB 
opercnlom, the pectoral fin, the young barbels, and the strongly developed teeth with which 
the jaws are armed at this period. After W. K. Parker. 

Fig. 15. Under side of head of larval sterlet 8^™™ long, showing the well developed teeth in the Jaws 
at this stage, the four rudiments of barbels in front of the upper jaws, and the depression still 
farther forward, which probably answers to the ** suctorial disk ** observed by A. Agassiz and 
Edward Allis in the same region in Lepidoateus and Amia, After W, K. Parker. 



J. S. f. C. ISBB.— iTo fica (xg* 383.) Rydti. Shirftan. 
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EXPLANATION OF PLATE XLIL 

Fig. 18. Side view of the just-hatched larva of the common sturgeon on the sixth day after the eggs 
were fertilized. There is a large cavity at the front of the yelk-sack in which the heart lies 
at this stage. A simple Covierian venous duct embraces the front end of the yelk, and ex- 
tends from a point just a little in front of the still exceedingly rudimentary pectoral fin to 
the ventral side of the yelk. The tail is lanceolate in form and lophocercal in structure. 
There are no barbels, and the larva is now ll^™'" long, or more than twice the length of the 
jost-hatched sterlet. The figure is sixteen times natural size. 



J.S.F.C. r88e.-lTu(«»f«g« JM.) RyStr. Sturgi 
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KXPLANATION OF PLATE XLIIL 

I U\ 0> \ouuM Hlovlot. tXNo inontliHoUl, viewed from above. (How iiiut-h tlieHO iignreR are enlarged 
lit not M(a(e«) in tbo original KuHhian niouogrnph from which they are copied.) After N. 
/.oMvalV. 

V\^\ VO \ on iiu Mterlet^a^e two iiioiithH, from beneath. After N. Zogratl'. 
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EXPLANATION OF PLATE XLIV. 

Fi<;. 2L Side view of young storlet of two months. The nasal brid;ge is developed. The dorsal Routes 
are seen to now overlap, as do the fulcra of the upper margin of the tail at the later Htagr. 
The fin-folds and actinotrichia seom to have a share in the development of the dorsal Hontes 
and falcra. Lateral series of scutes still rudiuientary, and abdominal wanting. After 
Zograif. 

Fig. 2*2. The quite young of the great Huso of eastern Kuropo, Acipenser huso. Natural size. Prom a 
specimen brought from Russia by Khrenberg. Tiiis specimen serves to illustrate the next 
advances beyond the preceding, since the lateral and ventral rows of scutes are well devel- 
oped, while the operculum (piite covers in the branchial processes. After Brandt and Ratze- 
bnrg. 



BultU.S.F.C. 1M«-(Tr>(>ctp>g(;ft6.) Ryd«. 5ti.iE*rin. 
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EXPLANATION OF PLATE XLV. 

Fig. 2.1. View of dorsal aBpoct of the .young of the common sturgeon, 20 inchoH long. From a photograph. 
Fig. 24. Vi«'\v of the dorHul aspiM-t of the young hlunt-nosed stnrgeon of the Delaware, Jriy>rM«cr hre- 
virostris LeH. Twenty inches in length. From a ])hotograph. 
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EXPLANATION OF PLATE XLVFI. 

Fig. 27. View of under side of a youug bpecimeD of the comoiou sturgeon, 20 inches loDg. Note the 
narrow mouth, the recurved spines of the abdominal and lateral scutes, the backward exten- 
sion of the duodenal intestinal loop, the mushroom-like pancreas, and the very distinct 
areolation on the under side of the snout in front of the mouth. From a photograph. 

Fig. 28. View of the under side of a young specimen of the blunt-nosed sturgeon of the Delaware,^. 
brevirostrift Lee. Note the very wide mouth, blunt snout, smooth ventral and lateral scnteci, 
as compared with the foregoing. From a photograph. 



BuM. U, S. F. C I 
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EXPLANATION OF PLATE XLIX. 

Figs. 32 aod 33. Side views of the heads of the adnlt females of the oommon stnrgeon. From 

photograph. 
Fig. 34. Side view of the adnlt male of the common stnrgeon. From a photograph. 



J. S.F. C. 1888._<Tofi 



a ptgt ilK.) Rrdti. SluigHfi. 
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EXPLANATION OF PLATE LL 

Fig. 38. View from beDeath of an adult female of the coDinion sturgeon, 8 feet long, with the abdo- 
men cnt open to expose the enormous mass of dark-colored roe. The duo<leual loop of the 
intestine is seen to be farther forward than in the young, and to be smaller in diameter in 
proportion to the dimensions of the animal. On the ** killing floats'' are seen the sieves and 
tubs nsed in the manufactnre of caviare. 
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EXPLANATION OF PLATE LIL 

Fig. 39. View of an adult female of the common sturgeon seen obliquely from above. Photograph of 
ii speciuicn about H feet long. Float in the distance with caviare apparatus, and shed for 
draining salted caviare, etc. 




r 
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EXPLANATION OF PLATE LTTT. 

Fi^. 40. Side view of adnit female of the common sturgeon, 8 feet in length. From a photograph. 
This tignre serves to illustrate the striking change in the outlines of the head and hody of 
the adult as coni])ared with the side view of the young of the same species on Plate 
XLVI, Fig. 2:u 



J. S.F C. l88B,-lTo<K.pig«)H-) Rjd.r. Sturj 
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EXPLANATION OF PLATE LIV. 

Fig. 41. View from the under side of an adult female sturgeon, 8 feet long, showing the robust propor- 
tionH of a specimen containing roe, in just the right condition for purposes of caviare. From 
a photograph. 
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EXPLANATION OF PLATE LV. 

Fig. 42. Canvas-covered bntchering float in the distance, with '* batcher'' at work cutting open and 
removing roe from *' a cow sturgeon.'' Barge in the foreground, containing heads, tails, vis- 
cera, skins, etc., of sturgeons awaiting removal to the guano manufactory, and representing 
the accumulations of two or three days' fishing and butchering. 



Sull.U S,F.C.18aB.-(T!il«tp^e3ie.) H,d... 
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EXPLANATION OF PLATE LVL 

Fig. 43. View on the wharves at Delaware City, Delaware, to show the manner of suspending the stur- 
geon nets when drying or after being overhauled and repaired. 



U.S.F.C.IS-O. -(ToflcspigoSSO.I R,d.r. Sti,-| 
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EXPLANATION OF PLATE LVII. 

Fig. 44. Side view of craDiam of the comiuon stargeon, modified from Wiedereheim. 

Fig. 45. Dorsal view of dermal armatnre of the head of the common sturgeon, modified from Gdgen- 

baar. 
Fig. 46. Mandibles and palatopterygoid of the yoong sturgeon with its mnscnlatnre. 
Fig. 47. Cross-section through the spiral valve of the intestine of A, hreviroatrU, showing the manner 

of flexure of the spiral fold SFj and the large lymphoid cord L at its margin in section. The 

fold itself is covered with villi as well as the intestinal wall. Enlarged three diameters, 
^ig. 48. Pyloric end of stomach, pylorus, and duodenum laid open so as to display the three openings 

into the latter from the pancreas. 
Fig. 49. Figures representing the cartilaginous elements of the ventral fins of Aotpenaer hreviroBtrU. 
Fig. 50. Figure of the cartilages of the right pectoral fin of a young specimen of Acipenser $iurio. 



U, S. F.C. iaee.-(TofK.p.B.J2J.) RjdBi. Slmj 
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EXPLANATION OF PLATE LVIIL 

Fig. 51. YoQDg individual of the comraon species of the sturgeoD, 9 inches long, opened from below 
with the viscera removed to show the relations of the Wolffian bodies N, genital ridges 622, 
to the outgoing ducts MD, UG, in the sexually immnture animal. Also the nerve supply 
to the barbels and the sensory areolae of the under side of the suout in front of the mouth. 
Natural size. 

Fig. 52. The same from below, to show the relations of the viscera to the abdominal walls and outlets, 
the internal openings of the genital canals are indicated by the arrows. Arrows within the 
dotted outlines of the portions of the alimentary canal, not visible from below in this figure, 
indicate the course of the food through the intestine. Natural size. 



Bull u S, F. C. IBBB.-fTot.t. |Mg. 33*) Ryao. Stui| 
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EXPLANATION OF PLATE LIX. 

Fig. 53 Abdominal viscera of yonng at nrgeoD, viewed from below, showing a bristle, M'''^ passing 
through opening in mesentery of second loop of intestine, and with the under wall of 
pancreas, P, removed to show its glandular cavities, which are much less numerous in the 
young Sturgeon than in the adult. Natural size. 

Fig. 54. Viscera of young sturgeon, viewed from above ; swim-bladder, V'Nf intact. Natural size. 

Fig. 55. Viscera of young sturgeon, viewed from above, with spiral valve laid open to show its seven 
turns and with the swim4>ladder VN cut open aud laid to one side to show the wide pneu- 
matic duct P^ joining the alimentary canal Just at the beginning of the first or gastric 
loop of the latter. The spleen S and S* is also exposed. Natural size. 

Fig. 56. Viscera of young sturgeon, viewed from above, with upper wall of swim-bladder cut away to 
show the cleft-like opening of the pneumatic duct into its anterior end, with the musoalar 
fibers radiating from it into the door of the pneumatocyst or swim-bladder. Natural sice. 
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9.-A REVIEW OF THE GENERA AND SPECIES OF SERRANIDiE FOUND IN 

THE WATERS OF AMERICA AND EUROPE. 



BY DAVID STARR JORDAN AND CARL H. EIGENMANN. 



The family of Serranidw includes manj^ of our most important food fishes. The 
group comprises the various species popularly rec()g:iuzed as salt-water p rch and bass, 
the groupers, garrupas, hinds, cabrillas, jew-fishes, together with the striped bass of 
different species which inhabit or ascend our rivers. Nearly a hundred species are 
found in North iVinerican waters, and of these every one, according to its size, is 
valuable as food. Some of them, popularly known as "jew-fishes,'' are among the 
very largest of spiny-rayed fishes, and many of the smaller forms are remarkable for 
the brilliancy of their coloration. 

This present paper contains an enumeration of the genera and species belonging 
to the familj' of Serranidw found in the waters of America and Europe, together with 
the synonymy of each, and analytical keys by which the diflferent groups may be dis- 
tinguished. 

An earlier paper by Professors Jordan and Swain (Proc. U. S. Nat. Mus., 1884, p. 
358-411) has served as the basis of our studies of the EpinephelinWj but this paper has 
been supplemented by the study of a very much larger amount of material, and the 
whole group of Serranidcv has been brought under consideration. 

We have examined all the specimens of Serranidw now contained in the Museum of 
Comparative Zoology at Cambridge, Massachust^tts,* and all that are in the museum 
of the Indiana University. A large part of the maU'.rial in the U. S. National Museum 
we have also studied, and also most of the original types contained in the museum at 
Paris arul in the British Museum. 

We have been indebted to Prof. Alexander Agiissiz and to Mr. Samuel Garman for 
the free use of the specimens in the Museum of Comparative Zoology. We are also 
indebted to Miss Elizabeth (x. Rughes for help in the compilation of synonymy and 
in the preparation of skulls. 

For all statements regarding South American specimens the senior author is 
alone responsible. 

From the family SerranidcBy as understood by us, we exclude Centropomus, which, 
although certainly allied to the Latinm^ should, according to Dr. Gill, stand as a sep- 
arate family. The Lobotidw {Loboir^) stand nearer, but having no teeth on vomer or 
palatines, they may be kept in a separate group. The Priaeanfhidw (Priaeanthtis and 



•Except in;; tlio sub-family Latince. 
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a. Aual spines obsolete; dorsal spines 2 tod: scales very small, smooth ; teetii allvilliform; max- 
illary with a supplemental bone; head scaly ; lateral line normal ; gill-rakers rather few 
and short; caudal ronnded ; preopercle without angle or serrations, bnt with two or three 

spinous teeth above GRAMHiSTiNiE, I. 

aa. Anal spines 3; dorsal spines 8 to 14. 
b Dorsal fin continuous or nearly so, not divided nearly to the base. 

c. M ixillar.v with a supplemental bone (usually distinct, but sometimes hidden in the skin); ca- 
nine teeth usually present, at least in front of jaws; inner teeth in both jaws nsaally 
depressible ; scales small, firm, the top of head more or less scaly ; lateral line ronuing 
low (except in GonioplectruSj etc.); supraoccipital crest usually more or less encroaching 
on the top of the skull, so as to leave no distinct smooth area at the vertex (except in 
Variola) ; temporal crests usnally distinct ; glll-rakers various, generally small and short. 
Dorsal rays VIII to XIV-12 to 20, the nnmber of spines usually not t-en; anal rays III, 7 
' to III, ii; vertebriB about LO-f- I4=z24. Chiefly shore-flshes. often of large size; all of 

them, so far as known, bisexual Epinephklin^, II. 

CO. Maxillary without supplemental bone; canine teeth, if present, nsnally developed on the side 
of the lower jaw as well as in front; no depressible teeth; scales mostly ctenoid, 'inclod- 
iug those of the lateral line; temporal crests on cranium almost obsolete. 
d, Gill-rakers comparatively short and wide apart; lateral line not running close to the back 
(except in oue species); dorsal rays X, 11 to 15; anal rays nsnally III, 7; snpraoccipital 
crest not extending far forward on top of skull, a more or less distinct convex smooth 
area being left on the vertex between the supraoccipital and the interorbital area; mouth 
less oblique than in the Anthihia;; vertebne about 10 -f- 14 = 24. Chiefly shoie- fishes 

# 

of olivaceous colors ; some of them — possibly all — hermaphrodite SERRANlNiB, III. 

dd. Gill- rakers (in all species known to us) very long, slender and close-set ; lateral line run- 
ning close to the back ; dorsal ray« IX to XII, i) to 20. Anal rays III, 7 to 10 ; supra- 
occipital crest very high, not encroaching oti the short, convex, smooth area at the 
veitex, which is considerably depressed; canines usually strong; preorbital very nar- 
row. Deep-water tishes, usually bright red in life ANTHiiNiE, IV. 

bb. Dorsal fins separate, or joined at base only, the rays VII to XI-I, 12 to 14. 

e. Maxillary without supplemental bone;* teeth all alike, usually villiform, without canines; 
preorbital narrow; lateral line normal, straight, or bent npward at base; preopercle 
serrate; jxiU-rakers moderately long and slender; verterbrso 10-|-14^=^24 to 1C-|- 19=35, 
the uiuiiber usually more than 24. Species of generjilly large size, and silvery-olive col- 
oration, mostly inhabiting fresh or brackish waters Latin^SS, V. 

ee. Maxillary with a large supplemental bone; membrane bones of head extensively cav- 
ernous; vertebrie in increased nnmber, 1()-|-20='.W) in Percxchthys ; lateral line normal; 
dorsjil rays about X-11 ; gill-rakers rather short and thick. Species of moderate size and 
dull olive coloration, inhabiting the fresh waters of Chili PERClCHTHYlNit:, VI. 

ANALYSIS OF AMERICAN AND EUROPEAN GENERA OF SERRANIDM. 

Subfamily I -GEAMMISTIN5;. 

(Serranida: with tho anal spines obsolete, the dorsal Bpines in small number, 
maxillary with a siippieiuental bone; the preopercle with twoor three spine- like hooks 
posti^rlorly, the scales small and imbedded, tlie teetli all villiform.) 

a. Dorsal spines two to lour ; preorbital narrow ; no (;anine teeth ; preopercle without angle or serra- 

tuH's, its iii:ir;^in with *J or li spinous teeth above; caudal fin rounded; scales small, smooth, 

embedded; smooth area on top of head very larj^e, transversely convex, much longer than the 

low supraoeeipital crest; interorbital area very narrow; temporal rid«jes stronj]j...RYPncU8, 1. 



In Moroni'y Lateohibrax, etc. We have not examined Lutes, 
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Subfamily H.-EPINEPHELIN^;. 

(Serranidce with the dorsal fin. coufiimous, the dorsal aud aual spiues developeci, 
and with a supplemental bone to the maxillary.) 

a. Soft dorsal with 10 to 12 rays; teeth all viUifonn, without canines. 

b. Hea<l arineil with rough Npiiiigeroas crests, there being spinous projections above the eyes and a 

rough, bony ridge on the opercle, with others on the post-temporal ; dorsal 
fin low, continuous; tongue with teeth; dorsal spines 11 or 12; soft dorsal 
scaly ; caudal rounded ; pyloric cwca numerous (about 70) Polyprion, 2. 

bb. Head not armed with spinigerous ridges; preopercle moderately serrate, sometimes becoming 

entire with age. 
c. Dorsal fin deeply notched, the last spines much shorter than the middle ones; scales rugose; 

soft dorsal scaly; dorsal spines 11 ; tongue toothless; forehead broad, flat- 
tish ; snout, preorbital, and jaws naked ; caudal subtruncate ; preopercle tiuely 
serrate, becoming entire with age; gill-rakers very strong; pyloric cd^ca few 

(about 7) Stkkeolepis, 3. 

CO, Dorsal fin low, its outline not deeply notched; scales small, ctenoid ; soft dorsal naked ; dorsal 

spines 10; forehead broad, concave near the orbital ridges, then transversely 
convex; preopercle siibrectangular, with fineserra) above, larger, radiating teeth 
on angle, and many small teeth directed downward on lower lim^ ; snout, pre- 
orbital and jaws densely scaly ; eyes very large ; preorbital very narrow ; caudal 
Innate, with rounded angles; gill-rakers long and slender; lateral line 

black HEM1LUTJANU8, 4. 

aa, 8oft dorsal, with 13 to 20 rays; head unarmed, except for the opercular spiues and the serru) on the 

preopercle; soft dorsal scaly; scales of lateral line usually triangular and cy- 
cloid, 
d. Preopercle with one or more large, conspicuous, hook-like teeth, directed downward and for- 
ward, on its lower limb. 

e. Dorsal spines, H; plectroid spine on preoi)ercle single, very strong; a stroug canine on middle 

of side of lower jaw; opercle with a long, knife-shape<l si)ine; body rather 
deep; lateral line running high; jaws naked; scales small, firm, aud rough; 
caudal rounded ; soft dorsal rather short, of 12 to 13 rays. .Gonioplbctrus, 5. 

ee. Dorsal spines, 10; plectroid spines on preopercle two to four, rather small; a stout canine 

on middle of side of lower jaw ; opercle with small spines; jaws oaked ; scales 
rather large; soft dorsal long, with 17 to 20 rays; caudal rounded. . Gilbrrtia, 6. 

Mf. Dorsal spines, 13(12 to 14); plectroid spines two or three in number; usually one or 

more strong canines present on side of lower jaw ; body short and deep 

ACANTHI8TIU8, 7. 

eeee. Dorsal spines, 11; plectroid spine on preopercle single; no lateral canine in lower jaw ; 

(otherwise hs in Epinephelus) Alphkstes, 8. 

dd. Preopercle without distinct antrorse spinous hooks on its lower limb ; sides of lower jaw 

without distinct canines. 
/. Dorsal spines, 11 (10 in one species of Epinephelus). 
g. Scales, some or all of them, more or less ctenoid ; canines distinct, in front of one or both 
jaws; body oblong or elongate, not greatly compressed, the interorbital width 
more than twice diameter of the eye, in the adult ; preoi)ercle finely serrate. 
h. Anal fin short, its rays III, 8, or III, 9 ; cranium with the median crest much more de- 
veloped than lateral crests, which do not extend as far forward as the former 
and are not parallel with them ; scales nearly all ctenoid; spines strong. 
t. Scales of the lateral line normal, not marked by radiating ridges. . . Epixephelus, 9. 
ti. Scales of the lateral line each with 4 to 6 strong radiating ridges; cranium short, 
extremely broad, and <lcpresse(l between the eyes ; the anterior profile of head 
a little concave ; dorsal spiues low ; dorsal rays XI, 16 Promicrops, 10. 
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hh. Anal fin elongate, its rays III, 11 or III, 12; caadal fia lanate or truncate; spines 
slender, those of the anal fin graduated; lower jaws strongly projeotiug; 
cranium rather broad aud transversely concave between the eyes, its lateral 
crests very strong, nearly parallel with the snpraoccipital crest and extendiug 
farther forward than the latt-er, joiniug the supraocular crest above the eye ; 
scales small, largely cycloid, those of the lateral line simple ; pyloric osca 

few (12 to 20) ; dorsal rays XI, 16 to 18 Mtcteroperca, 11. 

gg. Scales all smooth (said to be ciliated in D. angusH/rons); canine teeth small or obso- 
lete; head small, much compressed, the intororbital area in the adult not 
broader than the eye; supraoccipital crest low; soft dorsal unusually long, 
the rays XI, 17 to 20; dorsal spines low; vertical fins all rounded pos- 
teriorly Dermatolbpis, 12. 

ff. Dorsal spines, 9. 

j. Soft dorsal of moderate length and height ; dorsal rays IX, 13 te 15 ; anal raysIII^ 
7 or 8 ; Caudal fin rounded or lunate ; skull and head essentially as in Epine- 
phelua^ the snout not very short, the frontal region flat or convex^ the supra- 
occipital crest continued forward over it, the lateral creste short, low and 

diverging ; mou ch and teeth as in Epinephelua Bodiaxus. 13. 

jj. Soft dorsal long and very low ; dorsal rays IX, 18 or 19 ; caudal fin deeply forked,' 
the lobes attenuate ; snout very short, convex in profile; fh>ntal region flat- 
tish or transversely concave, the median crest very prominent ; mouth small, 
the teeth slender Pabanthias, 14. 

Subfamily HI -SEEEANINJE. 

(SerranidcB withoat sapplemental bone to the maxillary, with no depressible teeth 
and with more or less distinct lateral canines in the lower jaw ; the gill-rakers com- 
paratively short and few in uamber ; the dorsal fin continaoas, its number of spines 
normally 10, and the lateral line usually normal in direction.) 

a. Body short and deep, with elevated back^ the depth more than two-fifths the length, usually nearly 

half; preopercle with a few antrorse serras on its lower limb; tep of supraocci- 
pital crest very high, about as long as the smooth area on vertex of cranium ; 

top of head naked ; dorsal rays usually X, 14 Hypoplectrus, 15. 

aa. Body comparatively elongate, the depth one-third to one-fourth the length ; no hooked spinules on 

lower limb of preopercle. 
b. Smooth area on top of cranium, very short and small ; the long supraoccipital crest encroaching on 

the posterior border of cranium so that the latter in profile is not nearly vertical 
along the occipital region. 
0. Caudal fin more or less distinctly lunate or concave, the middle rays shortest ; dorsal spines 

strong, very unequal, the third or fourth more or less elevated; (scales small ; 

dorsal rays X, 14; top of head usually more or less scaly.) Paralabrax, 16. 

CO. Caudal fin not lunate, ending in three points, the middle rays produced like the outer ones ; 

dorsal spines slender, the third little elevated, some of them with dermal 
appendages or filaments ; (teeth small, in broad bands ; top of head naked ; 

scales large; dorsal rays X, 11.) Centropristis, 17, 

hh. Smooth area on top of cranium very large, longer than the low supraoccipital crest, which is low 

and short; posterior border of cranium at occipital region nearly vertical in 
profile, 
d. Dorsal spines very unequal, one or more much produced ; dorsal rays, X, 12, or X, 13 ; pre- 
opercle evenly serrate ; preorbital comparatively broad. 
e. Dorsal spines most of them produced in long filaments ; branchiostegaU 7 ; top of head, 
cheeks and preorbital finely and closely scaled; ouout long aud low, the lower 

jaw much projecting ; caudal lunate ; scales rather small Cratinus, 1H. 

«e. Dorsal with the third spine only produced in a long filament; branchiostegiiln <), the first 
being obsolete; top of head naked ; scales largo ; caudal subtruncate..DuLE8, 19. 
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dd. Dorsal spines sal>eqaal ; none of them maoh prodaced. 

/. Top of head closely scaled ; scales large ; soft dorsal scaly, its rays about X, 12. 

Parackntropristis, 20. 
ff. Top of head from the occiput forward naked. 

g. Preoperole with numerous strong diverging spines at its angle, these spines diverging, 
from one or two centers ; (profile of head arched ; preorbital broader than max- 
illary, which is widest near its middle ; scales rather large) .. Diplectrum, 21. 
'. Preopercle simply and rather finely serrate; scales large or small ; preorbital narrow ; 
canine teeth various ; dorsal rays X, II, to X, 15 Serranus, 22. 

SubfamUy IV -ANTHENJE. 

{SerranidcB with the maxillary destitate of sapplemeotal bone and with the lateral 
line running very high, close to the dorsal fin; the glll-rakers nameroas, long and 
slender ; the mouth oblique, with broad, short maxillary.) 

a. Lateral line complete, extending from gill-opening to bane orcaudal. 
(. Caudal-fin very deeply forked, the lobes produced ; dorsal spines, 10 ; preopercle angular, with 
salient teeth at its angle; one or more of the dorsal spines filamentous; ventral fins pro- 
duced. 

0. Maxillary and frontal region naked ; tongue toothless Pronotogrammus, 23. 

oc. Maxillary scaly ; top of head scaled to the snout ; third dorsal spine produced ; body com- 
pressed. 

d. Tongue without teeth Anthias, 24. 

dd. Tongue with a large patch of villi form teeth Odobtfanthias, 25. 

bb. Caudal fin subtruncate; dorsal spines, 9; preopercle evenly rounded, its edge very finely ser- 
rate; none of the dorsal spines produced, the fins all low; no canines; no opercular 

spine; jaws scaleless Bathyaxthias, 26. 

aa. Lateral line ceasing under last rays of soft dorsal; preopercle entire; dorsal spines 11; jaws 
scaly ; canines present; dorsal spines and ventral fins not produced ; caudal deeply forked, 
its lobes elongate Callanthias, 27. 

, Subfamily V.-LATINJE. 

{SerranidcB with the dorsal fins more or less distinctly separated; the lateral line 
straight or slightly curved upwards in ^ront ; no supplementary maxillary bone, and 
the teeth all alike, without canines; vertebrae 24 to 35; membrane bones of head not 
especially cavernous. Fishes often entering or inhabiting rivers.) 

a. Caudal fin rounded behind; pseudobranchiffi small; tongue toothless; form elliptical, with 
pointed snout and projecting lower jaw; preorbital, post-temporal, and clavicular 
bones serrate ; angle of preopercle with a strong spine directed backward, the spinules 
on the lower limb directed somewhat forward; dorsal spines strong, eight in number, 

the third elevated; anal spines small Lates, 28. 

aa. Caudal fin lunate or forked; pseudobranchise large; angle of preopercle with no large hori- 
zontal spine ; dorsal spines ten. 
d. Top of head naked; lateral line distinctly arched in front ; body much compressed ; preorbital 
sharply serrate; dorsal fins joined, the spines moderate; anal spines graduated; 
mouth oblique, the lower jaw projecting ; gill-rakers slender ; teeth on tongue minute 

or wanting Kuhlia, 29. 

dd. Top of head scaly ; lateral line nearly straight ; teeth on tongue in one or more patches. 
e, Preopercle without antrorse spines on its lower limb. 

/. Dorsal fins joined ; spines of fins strong ; anal rays III, 9, the spines not graduated ; jaws 
subequal; base of tongue toothless Morone, 30. 
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//. Dorsal fins separate ; spines of fins weak ; anal rays III, 12^ the spiDes graduated ; 

lower jaw projecting; base of tongue with t.eeth Roccus, 31. 

ee. Preopercle with about 3 antrorse spines on its lower limb; dorsals separate; spines 

slender; anal rays III, 11, the spines graduate<l ; lower jaw slightly projecting. 

DiCBNTRARCHUS, 32. 

Subfamily VL-PEROIOHTHYINiE. 

(Serranidce approaching the Percldw^ having the general form of the true Perch 
{Perca)] the dorsal tins separated ; the maxillary with a large supplemental bone, and 
the teeth subequal without canines; vertebne in increased number (about 36); lower 
jaw, preorbital, suborbital and preopercle extensively cavernous; fresh water fishes 
of Chili.) 

a. Palatine teeth present; preorbital retrorse-serrate; snout bluutish in profile; top of head scaly as 
far forward as anterior nostril; teoth villiform or cardifortu ; end of supra-clavicle projecting 
backward, coarsely serrate; lateral line little curved, concurrent with the back; pseudobranchise 
small; dorsal and anal naked; opercle with spines; preopercle serrate, the serrte on lower 
limb antrorse ; scales moderate, little ctenoid ; supraoccipital crest rather long and low ; top of 
cranium anteriorly as far as eyes perfectly smooth, without ridges, and very convex in sec- 
tion ; interorbital area with a groove between the orbital ridges Percichthys, 33. 

aa. Palatine teeth obsolete ; teeth in jaws subcylindrical, blunt; opercular spine obsolete; preopercle 
with a few minute seme; snout bluutish; scales large, rough; forehead naked; lateral line 
bent under second dorsal Pbrcilia,34. 

Genus L— RrPTICUS. 

RypticuB Cuvier, Rdgue Animal, ed. II, H29 {saponaceus), 
SmecticuB Valenciennes, Voyage de la Venus. 1855, 305 {bioolor), 
Rhypticus Giinther, I, 171, 1859 (corrected orthography). 
PromicroptefuB Gill, Proc. Ac. Nat. Sci., Phila., 1861, 53 (maoulatus). 
ISleutheractis Cope, Trans. Am. Phil. Soc, 1870, 467 {coriaceua). 

Type: Anthias naponaceus^ Bloch and Schneider. 
Etymology. — pur.Tr^oq^ washing, from the *' soapy" skin. 

The species of this genus are all American, representing in our fauna the genus 
Orammistes of the coasts of Asia. The two genera agree in "i^uy particulars, differ- 
ing chletly in the fin formula, Orammistes having D. VIl-1, 13, A. 0, 8, while Rypti- 
CU8 has D. II to IV, 21 to 26, A. 0, 14 to 17. 

One of the species of Rypticm (bicoltr) has been detached from the others to form 
a distinct genus, Smecticm, said to be characterized by a different number of fin-rays. 
(D. X, 21, A. II, 15.) Judging from the figure which Valenciennes has given of 
his Smecticus bicolor the species is a genuine Rypticus. Apparently some of the rudi- 
mentary or '-stub" rays of the dorsal and anal have been taken for spines and enu- 
merated accordingly. Another species has been taken to form still another genus, 
Jff/ewf/teracfi.v, because the anterior dorsal is wholly separated from the other, not joined 
by a low membrane as usual in the genus. This character has but slight value, its 
presence depending to some extent on the condition of preservation of the si)ecimen. 
Promicropterus, based on the species with two <lorsal spines, may be regarded as a 
valid subgenus, but as no other character of importance goes with this one the value 
of the distinction is not great. 
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We revert to the ori^nal spelling of the name BypticuSy althoagh the later Rkyp- 
tictis is the correct form of the word. 

The species of Bypticus are, with two exceptions, not well known. The various 
nominal species are probably reducible to six, B, bistrispinus^ nigripinniSy saponacem^ 
coriaceiis, arenatus^ and bicolor^ but we have not the material to demonstrate this. 

ANALYSIS OF 8PRCIES OF RYPTICUS. 

a. Dorsal spines, two. (Promicropterus Q\\\.) 
b. Body comparatively deep, the depth more thau length of head and more than one-third the length 

in the adult (less in the yo:ing); back considerably elevated; preopercle with 
two developed spines, only the uppermost usually obsolete; maxillary reaching to 
below posterior margin of eye, 2^ in head ; a depression before eye, the sharp snout 
abruptly projecting ; eye nearly as long as snout, 5^ in head; lower jaw much pro- 
jecting; upper (median) spine on preopercle often divided, the lowermost larger, 
directed partly downward; opercular spines small ; iirst dorsal spine a little longer 
than second, which is nearly or quite free from the soft rays; gill-rakers very short 
and thick, close set, about 8 or lU developed ; color dusky olive brown, somewhat 
clouded; sides with a few small irregular whitish spots; young with brownish 
spots; tins dusky, edge of caudal pale ; head 3 in length; depth, 2^ to 2|. D. 

11,25, A. 14 or 15 Bistrispinus, 1. 

66. Body more slender, the depth about equal to length of head and less than one-third the length, 

even in the adult; back little elevated ; preopercle with three distinct spines ; max- 
illary 2^ in head, not ((uite reaching posterior border of eye; depression before eye 
slight, the proHlo not very uneven, slightly convex above eye; eye as long as snout, 
5| in head; lower jaw much projecting; preopercle with throe distinct spines, the 
upper one small, the middle one largest, rarely divided; opercular spines, three, 
rather strong, the middle one largest; first dorsal spine slightly longer than second, 
which is nearly or quite free from the soft rays; gill-rakers short and thick, about 
8 developiMl. Color brownish, irregularly mottled with whitish spots as large as 
the pupil, some of them with a darker center, these spots extending on all the ver- 
tical tins, sometimes wanting in the young, vortical tins and pectorals edged with 
dusky; head :H iti length ; depth about 3^. D. II, 20, A. 16 NiORiPiNNis, 2. 

aa. DorHal spines three (or four) (Rypticua). 
c. Dorsal spines three only. 
d. Preoperch; with three spines, the uppermost Munt, and sometimes obsolete, the lower the 
largest; opercle with three strong spines, the middle one largest ; body rather deep, 
the depth about equal to length of head and 3^ in length to base of caudal ; back mod- 
erately elevated ; snout short, not very acute, the lower jaw much projecting ; ante- 
rior profile steep and almost straight; eyrt 5f in hea<l ; maxillary reaching beyond 
pupil, 2i in head ; first dorsal spine longest; dorsals slightly connected; ventral fins 
mo4lerate, nearly twice as long as eye; pectorals rounded ; gill-rakers short and thick. 
Color very dark olive brown, the fins all blackish ; sides with vague blotches of 

light brown. Head, 3i; depth, 3^; D. Ill, 24; A. IH Xanti, 3. 

dd, Preopercle with two spines only, the lower scarcely the longer. 
e. Opercular spines three, all well developed. 
/. (Color red, with darker cross-shades on sides of back; fins all dusky; dorsal fins well 
separated; body rather elongate. Head 3| in length; depth 3|.) {Valenciennes) 

BiCOLOlC, 4. 

ff. Color not rod, chiefly olivacoous; dorsal fins distinctly connected by membrane. 

g. Body comparatively deep, the depth in the adult about equal to length of head and 3 
to 3^ in length to base of caudal; young more slender; back elevated; snout rather 
pointed; lower jaw much projecting; anterior profile before eye a little concave; 
eye 4^ to 5 in head ; maxillary reaching posterior edge of eye, 2^^ in head; preopercle 
with two straight spines behind ; opercle with three spines, the middle one largest; 

Bull. U. S. F. C, 88 22 
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first aad second dorsal spines sabequal, the third smallest ; dorsals slightly connected; 
▼entrals very small, not half longer than eye; pectorals ronnded; gill-rakers very 
small and short, aboat eight developed ; color dnsky brown, fins marked with black- 
ish and nsnally with a narrow pale edge; sides generally with irregular pale spots; 
back and head usually immaculate. Head 3^ in length; depth 3^. D. 111,25, 

A. 16 Saponaceus, 5. 

gg. [Body comparatively slender, the depth less than length of head. Color dark- brown, 
the head, throat, anal, dorsal, caudal, and base of pectoral thickly covered with 
small oblong or roundish dusky spots; these sometimes few and scattered or wholly 
wanting; vertical fins dark, narrowly edged with paler. Head 3^ in length with 
caudal ; depth 4^ ; eye b\ in head. D. Ill, 23 to 25, A. 16. ] (/S/6iiu2aoft/}er) . Arenatus, 6. 
00. Opercular spines two, small, the uppermost the smaller (the lowermost being obsolete); 
dorsal fins separated ; body moderately elongate, the back elevated, the head low, 
slender, and pointed, the anterior profile almost straight; lower jaw much project- 
ing; eye small, smaller than in R, saponaceus, 5 to 5^ in head ; about equal to the 
short snout ; maxillary reaching posterior edge of eye, 2f in head, preopercular 
spines short, blnntish, close together, the uppermost the smaller; first dorsal spine 
longest, the two fins well separated ; ventrals moderate, nearly twice as long as 
eye ; gill- rakers small and short ; color (in our specimen) nearly plain brown, the 
edges of the scales darker with dark points ; sides with some faint paler spots ; 

edges of vertical fins dusky; head 3^; depth 3|. D. Ill, 25, A. 15 Coriacbus, 7. 

eo. [Dorsal spines four ; spines not described, probably as in B, arenatus; color brown ; body 

and base of dorsal covered with round, jet-black spots, each surrounded by a clear 
ring; these spots lie in five longitudinal rows, those of the middle row much larger 
than the others ; a sixth row on base of dorsal and 2 or 3 spots on base of anal ; 
fins dusky, without paler margin ; head 3^ in length (with caudal), depth 4|, D. IV, 
22 or 23, A. about 12.] (Steindachner,) Nigromaculatus, 8. 

1. RTPTICUS BisTRispnnrs. 

Soap-fish. 

Bodianus histrispinus Mitchill, Am. Monthly Magazine and Crit. Review, 247, Feb., 1818 (Straits of 

Bahama). 
Bhyptious bistrispinus Jordan, Cat. Fishes of N. A., 86, 1885. 
Bhyptious maoulatus Holbrook, Ichth. S. Car., Ed. 1, 1856, 39, and Ed. 2, 1860, 42 (Cape Remain, South 

Carolina); Giinthor, I, 173, 1859 (copied); Jordan and Gilbert, Syn. Fishes of N. A., 543, 

1883; Jordan, Proc. U. S. Nat. Mus., p. 35, 1884 (Pensaoola.) 
Bhyptious pituitosus Goode <& Bean, Proc. U. S. Nat. Mus., 1879, 341 (Key West); Jordan and Gilbert, 

Syn. Fishes of N. A., 543, 1883. 
Bhyptious bistrispinosus Jordan, Proc, U. S. Nat. Mus., 1884, p. 149 (Key West) ; Jordan, op. oit., 546, 

(Newport); Jordan, Proc. U. S. Nat. Mus., 1886, 581 (lapnus calami for bistrispinus). 
Promioropterus decora tu8 Cope, Proc. Ac. Nat. Soi., Phila., 118, 1870 (Newport, R. I.) (not of Gill). 
Bhyptious decoratus Jordan & Gilbert, Syn. Fishes of N. A., 543, 1883 (copied). 

Habitat — South Atlantic coast of United States. 
Etymology. — Bistrispinus, twice three spines. 

Our specimens of this species are from Pensacola. 

All the two spined soap-tishes which we have seen from the Atlantic seem to be- 
long to a single species, for which the oldest specific name is the long-neglected one 
of bistrispintis Mitchill. It is not uncommon in rather deep water off our South At- 
lantic coast. 
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2. RTPTICUS NiaRIPINNIS. 

Rkifptieus nigripinnU Gill, Proo. Ao. Nat. Soi., Phila., 1861, 53 (Panama) ; Jordan and Gilbert, Proo. U. 

S. Nat. Mns., 1882, 359 (Cape San Lucas) ; Jordan and Gilbert, op, ot^, 375 (Panama) ; Jordan 

and Gilbert, op. cit,, 381 (Panama); Jordan and Gilbert, op. oit,, 110 (Panama) ; Jordan, Proc. 

U. S. Nat. Mu8.,1885, 378 (Cape San Lucas, Panama); Jordan, Cat. Fisbes of N. A., 86, 1885; 

Jordan, Proc. U. S. Nat. Mns., 1889, 180 (Panama). 
Bhjfpticus maculattt8 Gill, Proc. Ac. Nat. Soi., Pbil., 1862, 251 (Cape San Lucas) (not of Holbrook). 
Promicropterus decoratuB Gill, Proc. Ac. Nat. Sci., Phila., 1863, 164 (Panama). 
Bhypticus decoratus Giinther, Fisbes Cen. Am., 412, 1869 (Panama). 

Habitat — Pacific coast of tropical America, Oape San Lucas to Panama. 
Etymology. — Niger^ black ; pinna^ fin. 

We have examined nnmeroas specimens of this species, inclading the ori^nal types 
of nigripinniSy maculatus^ and deeoratua. There is no doubt whatever of the identity 
of these three. Bk nuumlatus Gill is said to have three dorsal spines, but this is an 
error, the first (broken) soft ray on the type having been counted as a spine. We have 
compared B, nigripinnis with B. bistriapinmj and find the two different, althoagh very 
nearly related. 

The chief distinctions are to be drawn from the slenderer body of B. nigripinnis^ 
and from the presence of three distinct opercular spines, there being usually but two 
in B. histrispintUy although the original meaning of the specific name of the latter 
implies the presence of three. 

Our description is drawn from No. 29277, Q. S. National Museum, taken by Pro- 
fessor Gilbert at Panama. 

3. RTPTICnS XANTL 

Bhypticus xanti Gill, Proc. Ac. Nat. Sci., Phila., 18B2, 250 (Cape San Lacas) ; Jordan and Gilbert, Proc. 
U. S. Nat. Mus., 1882, 359 (Cape San Lucas) ; Jordan and Gilbert, op, Ht, 371 (Colima) ; 
Jordan and Gilbert, op, oitj 106 (Mazatlan) ; Jordan, Proc. U. S. Nat. Mns., 1885, 377 (Cape 
San Lncas). 

Habitat — Pacific coast of Mexico. 

Utytnology, — Named for John Xaiitus, the discoverer of the species. 

This species differs from fi. saponacem of the Atlantic chiefly in the armature of 
the head. We have examined the original type, aud also specimens from OoUma and 
Mazatlan. Our description is drawn from No. 7740, U. S. Nat. Mns., collected by Mr. 
John Xantus, at Colima. 

4. RYPTICUS BICOLOR. 

Smeetiou* Mcofor Valenciennes, Voyage de la Venus, Poissons, 307, PI. ii, L 2^ 1856 (Galapagos Arcbip.). 
Bhypticus bicolor Gttnther, I, 173, 1859 (copied). 

Habitat. — Galapagos Archipelago. 
Etymology. — Bicolor^ two colored. 

This species is known from the description and figure given by Valenciennes. The 
description speaks of ten dorsal and two anal spines, but it is evident from the figure 
that this is an ordinary BypticuSy the short or rudimentary rays of the dorsal and anal 
having been taken by Valenciennes for spines. The red coloration, as shown on the 
figure, is exceptional in this genus, and its correctness may be doubted. It is not un- 
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likely that the species is identical with Rypticm xanti. Possibly it is a deeper- water 
form, analogous to the red forms of certain species of Mycteroperca, The plate of this 
species (issaed in 1846) is named ^^Byptunia bioolor^^^ the name Smeotiom appearing in 
the later text (1855). 

S( RTPTICnS SAPONACEUS. 

soap-fish; jabon; jabonciixo. 

JahonoilloVskmky Difer. Piezas de Hist. Nat., 51, lam. 24, f. 2, 1787 (Havana). 

Anih%a9 saponaceus Bloch and Schneider, Syst. Ichtli., 310, lUOl (after Parra). 

Rhyptious 8aponaceu9 Cav. and Val., Hist. Nat. desPoissons, III, 63, 1829 (Brazil; Cape Verde); Storer, 
Syn. Fishes N. A., 289, 1846 (copied); Gtinther, I, 172, 1859 (Cape of Gk)od Hope ; St. Helena; 
West Indies; St. Vincent's, Jamaica); Gill, Proc. Ac. Nat. Sci., Phila., 1869, 52; GUntber, Proc. 
Zool. Soc., Lond., 225, 1868 (St. Helena) ; Poey, Sjn. Pise. Cubensiam, 297, 1868 (Havana); 
Cope, Trans. Am. Phil. Soc., 1870, 467 (St. Croix); Peters, Berliner Monatsberichte, 246, 1876 
(Victoria, West Africa) ; Poey, Enumeratio, 34, 1875 (Havana) ; Poey, Fauna Puerto Rique&a, 
322, 1881 (Porto Rico) ; Jordan, Proc. U. S. Nat. Mns., 35, le84 (Peusacola) ; Jordan, Cat. Fishes 
N. A., 85, 1H85; Jordan, Proc. U. S. Nat. Mns., 1886, 581 ; Jordan, op, ot^., 41 (Havana). 

Bhyptioua mioraps Castelnan, Anim. Nonv. on Rares de TAmer. du Sud, 6, 1855 (Bahia), (after Peroa mioropa 
Bronssonet, a MSS. name f ). 

Habitat, — West Indian fauna, Pensacola to West Africa and Brazil. 
Etymology. — Sapona^ttSy soapy. 

This species is the best known and most widely distributed of the soap-fishes. Our 
specimens are from Havana, Pensacola, and Bahia. The young specimens are much 
slenderer in form and more uniform in color than the adult, but we think that all be- 
long to the same species. 

The name Rypticus microps has been adopted for this species by Gastelnau, on ac- 
count of the early name Perca microps of Bronssonet . We find, howeVer, no published 
reference to this name except the statement by Ouvicr, that a specimen bearing this 
MSS. name is in the museum at Paris. We doubt whether it has priority of publica- 
tion over Anthias saponaceus. 

6. RYPTICUS ARENATUS. 

RypHcuaarenatua Cnv. and Val., 111,65, pi. 45, 1829 (Brazil): GUnther, Cat. Fish, Brit. Mus., 1, 1859, p. 173. 

(Jamaica, Trinidad); Steindachner, Ichth. Notiz., VI, 41, 1867 (Barbadoes); Jordan Proc. U. S. 

Nat. Mu8., 1886, 581. 
f Rhypticus 8uhhifretiatus Gill, Proc. Acad. Nat. Sci., Phila., 1861, 53 (St. Thomas). 

Habitat. — West Indian Fauna. 

Etymology, — Arenatus, sanded, from the speckled coloration. 

We have not seen this species, and take our account of it chiefly from Dr. Stein- 
dachuer. 

The scanty description of a young example published by Gill, under the name of 
Rhypticus subbifrenatus^ seems to approach very closely to R, arenatus. The following 
is the substance of Dr. Gill's account of R. subbi/renatus. 

Color dusky, with remote dark spots; head with two series of spots; one series of four between 
orbit and opercular spine; the other of three smaller spots between eye antl suprascapula; head 2^ in 
length (3i with caudal) ; depth 3f (4i with caudal). D. HI, 23. A. 15. 
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7. RTPnCUS CORIACEUS. 

' Eleuiheractia ooriaeetu Cope, Trans. Am. Phil. Soo., 467, 1870 (St. Martin's). 

' BkypticuM arenatus Bean audDresei, Proo. U. S. Nat. Mas., 18S4, 16.) (Jamaica). 

Habitat — West Indian Fauna. 
Etymology, — Latin, coriaceus^ leathery. 

A specimen before as (30130, H. 3. Nat. Mas.) from Kingston, Jamaica, seems to be 
identical with Eleutheractis coriaceus Cope. It seems to as to represent a valid species, 
distingaished from B, saponaoeusby the weak armature of the head, and by the greater 
distance between the dorsal fins. 

8. RTPTICUS NiaROMACTTLATUS. 

Rhyptious nigromaculatu8 SteindAchneTf lohth. Notiz., VI, 42, ISfhf. (Barbadoes.) 

Habitat. — West Indian Fauna. 

Etymology. — Niger ^ black ; mcunilatua^ spotted, from the black spots on body. 

This species is based on a single specimen IJ inches long. Except that it is said 
to have four dorsal spines, the description agrees with that of B. arenatusj and /2. 
nigromaculatus may prove to be simply an accidental variation of the latter. 

Genus II.— POLYPRION. 

Polyprlon (Cnvier), Valenciennes, M^moires du ^us^am, XI, *^65, 1824 (cemium). 
Heotorla Castelnan, Proc. Zool. Soc. Vict., II, 1873, 1851 {gigas:=oxygeneio9). 

Type. — Polyprion cemium, Valenciennes. 

Etymology. — lluXh':^ many ; npiotv^ saw, from the numerous serrations on head and fins. 

This genus seems to be somewhat allied to EpinepheluSy but it is readily distin- 
guished from all the other ISerranidw by the armature of its head. The two known 
species inhabit the warm seas and reach a very great size. 

ANALYSIS OF THE SPBCIKS OF POLYPRION. 

a. Body robust, moderately elevated, the depth 3 in length ; head, 2i ; month large, the maxillary 
reacliing posterior border of eyes ; teeth in villiform bands on jaws, vomer, palatines and tongue; 
supraocular region, supraclavicle, post temporal, preopercle, and a ridge on the operole spiniger- 
ous; dorsal fin low, with 11 strong spines; caudal rounded; anal spines short, serrate anteriorly, 
the third much the longest; ventrals large; pectoral short; color grayish-brown, the caudal 
edged with white ; young clouded with light and dark. D. XI, 12, A. Ill, 8 Cbrnium, 9. 

aa, [Body more elongate; the depth 3^ in length; head 2\; armature of the head less developed than 
in P. cemium; dorsal spines 12; color, dark gray above, paler below. D. XII, 11, A, III 8,] (Stein- 
diichner) Oxygensios, 10. 

9. POL7PRION CERNIUM. 

(THE WRECK-FISH ; STONE BASS; CERNIER.) 

Polyprion cemium (Cnvier), Valenciennes, M6m. du Museum, XI, 265, 1824 ; Cuv. and Val., Hist. Nat. 

Poiss. Ill, 21, pi. 42. 1829 (France; Italy); Guuther I, 169, 1859 (Mediterranean); Day, Fish. 

Great Britain, 17, 1865, and of authors generally. 
Holocentrua gulo Risso, Europe M^ridionale, III, 367, 1826 (Nice). 
iierranus couchi Yarrell, British Fishes, Ed. 1, 12, 1836. 
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Polyprion oxy genius Jordan and Gilbert, Syn. Fish. N. A., 532, 1883 (Deep water, off U. S. coast), not 

Epinephelua oxygeneios Bloch and Schneider. 
Polyprion americanua Jordan, Cat. Fish. N. A., 83, 1885 (probably not Amphiprion americanus Bloch and 

Schneider). 

Habitat — Southern Europe, north to Norway and south to Cape of Qood Hope, 
once taken in the Gulf Stream off the United States coast. 
Etymology, — Gernier^ French name for the species. 

This large fish is not uncommon in the deep waters off the coast of Europe, especi- 
ally southward. It is said to live most abunduntly about wrecks; hence the common 
name of wreck-fish. It reaches a length of five or six feet. A single young specimen 
has been taken in the deep waters of the Oulf Stream by the United States Fish Com- 
mission. 

10. POLYPRION OXTaENEIOS. 

(Hapuku.) 

t Amphiprion americanus Bloch and Schneider, Syst. Ichth., 205, 1801, pi. XLVII (based on a drawing 
sent from Latham to Schneider of some fish called ^^^troni" in America; called J mpAiprion 
auatralis in the plate), (may huve been based on a yonng example of P. oemium), 

Epinephelua oxygeneios Bloch and Schneider, Syst. Ichth., 301, 1801 (based on Forster's MSS., Qaeen 
Charlotte's Island, near New Zealand). 

Peroa prognathus Forster, MSS. Lichtenstein Cat. Anim., 1844, 309 (Qneen Charlotte's Island). 

Polyprion prognathus Giiuther, Ann. Mag. Nat. Hist., 1887, 2'.i6 (discussion of synonymy). 

Centropristis gigas Owen, Osteol. Cat. College Surgeons, I, 51. (Skeleton.) 

Oligoriis gigas GUnther, I, 251, 1859. 

Hectoria gigas Castelnan, Proc. Zool. Soc. Vict., IT, 1873, 151. 

Polyprion kneri Steindachner, Ichth. Beitr., II, 1, 1875 (Juan Fernandez Island). GUnther, Shore 
Fisbes, Challenger, 1880, 24 (Juan Fernandez). 

Polyprion sp. Kner, Novara Fische, I, 28, 1865 (St. Paul Island). 

Habitat — South Pacific; coasts of South A^merica and New Zealand. 
Etymology. ^6^oq sharp, yheiovchm. 

We have not seen this species and know it only from the accounts given by Kner, 
Steindachner, and others. 

It seems to us that the figure given by Bloch and Schneider oi Amphiprion ameri- 
canus is quite as likely to have been based on this species, which is really American, 
as on the European Polyprion cernium. The species is represented as more slender 
than the European fish, and the rough ridges on the head, very conspicuous in the 
European species, are not shown in this picture. Latham's drawing, on which Schnei- 
der's species was based, was said to have been made in America, where the fish is 
called ^''OiromP As there is no certainty in the identification of this figure, we have 
adoptt*d the name oxygeneios^ rather than americanus. 

Dr. Giiuther has lately published a note on the synonymy of this species, which 
throws much light on its history. He adopts for it the specific name of prognathus, 
a name which although proposed by Forster when the species was discovered has 
lain in MSS. until the year 1844. If, however, the name occurs in any prior works of 
Forster, Parkinson, or Captain Cook, it should be adopted in preference to oxygeneios. 
We quote Dr. GUuther's note in full : 
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(From the Annals and M»gazine of Natanl Hiitory for September, 1887.] 
NOTB ON THB HAPCKU OF NSW ZEALAND (POLTPRION PROaNATHUS). 

The Hapaka of New Zealand, one of the most highly esteemed food-fisheaof the soathem hemisphere, 
and attaining to a weight of 100 poands, has heen known to naturalists since Cook's yisits to that 
conntry, as has been shown by Bir. Hatton (Trans. N. Z. Instit. ▼. p. 259). It was figured by Forster 
as well as by Parkinson, the former naming it Perca prognathuSf a very appropriate term, to which I 
give preference before all others, althongh Schneider (Bl. Schn. p. 301) arbitrarily changed it into the 
less expressive Epinephelus oxygeneios. ForsteHs original description is pabiished in ** Desoript. Animal, 
ed. Lichtenstein/' p. 309, and referred to by Cavier (Cuv. <& Val. Hist. Nat. Poiss. ill. p. 29), who, 
with his perfect knowledge of fishes, recognized its relation to Polyprion, uot doubting that it was the 
same species as the Atlantic P, cemium. 

The figure left by Parkinson bears the name Sciasna gadaideSf probably in Broussonet's hand- 
writing; but this name seems to have remained always a MS. name. 

The second period of the history of this fish begins with Owen, who, in the ** Osteological Catalogue 
of the College of Surgeons," i. p. 51, described the skeleton of a New Zealand Percoid under the name 
of Centropt^tU gigas. In the ** Catalogue of Fishes," I. p. 251, I stated the reasons \ehicb prevented 
me from adopting Professor Owen's view as to the generic affinity of this fish, which I thought, in the 
absence of specimens preserved entire, would prove to be rather with the Murray cod, Oligonu; and 
thus the fish appeared in nearly all subsequent publications as Oligorus gigaa, Castelnau, however, 
("Notes on the Edible Fishes of Victoria," 1873, p. 8, and Proc. Zool. Soc. Vict. II. 1873, p. 151), pro- 
posed to form a new genus for it, J7eotoria, **on account of its armed tongue, double- pointed operculum, 
etc." 

In more recent years the same fish has been found far from the place of its first discovery, viz., off 
the island of Juan Fernandez, and described by Steindachner as Polyprion kneri (Sitzungsb. Wien. 
Acad. Ixxi. p. 443); also the Challenger obtained it off the same island (Chall. Shore Fish. p. 24). 

Finally, the British Museum obtained from the Fisheries and Indo-Colonial Exhibitions specimens 
(in spirit as well as mounted) from New Zealand and Juan Fernandez * ; and a direct comparison of 
these specimens can leave no doubt that all belong to the same species, which is antipodal to the only 
other species known, Polyprion cemium. 

Lowe (Fish. Madeira, p. 185) has shown that P. cernium is a deep-sea fish, swimming near the surface 
when young, but living habitually at a depth of 300 and more fathoms when adult. The wide range 
of this genus is therefore not surprising ; iu fact we may well expect that P. oernium will be met with 
£ar beyond the limits of the northeastern Atlantic. 

Genus III— STBREOLEPI8. 

StereoleplB Ayres Proc. Cal. Ac. Nat. Sci., 1859, 28. (gigas). 

Type. — Stereolepis gigas Ayres. 
Etymology, — Zrspe6(:y tirm ; Xtni^^ scale. 

This genus contains a single species, one of the gigantic Serranoids known as 
^' jew-tishes," rivaling in size Polyprion cernium^ Epinephelus nigrituSj and Promicraps 
guttatus. 

The Aastralian genus Oligorus GUnther is closely allied to Stereolepis^ differing 
apparently in the greater number of soft rays in the dorsal and anal fins (D. XII, 14 
to 16 : A. Ill, 12). 

ANALYSIS OF SPECIES OF STEREOLEPIS. 

o. Body oblong, somewhat elevated, little compressed ; head robust, the profile steeply elevated, the fore- 
head broad and flattish ; edges of preopercle and interopercle serrate, becoming nearly entire 
with age ; crown, cheeks, and opercles scaly ; snout, preorbital, and jaws naked ; scales small, 



*Those exhibited by the Chilian Government, and presented by them to the British Museum, boio 
the MS. name '* P^rca fgmandeziana," 
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not strongly ctenoid, the sorfaoe ragose with radiating strias ; month large, lower Jaw promi- 
nent; maxillary, with a well 'developed sapplemental bone, extending to below the eye; preorb- 
ital wide; teeth all villiform, in broad bands, on jaws, vomer, and palatines; dorsal spines 
(9tont, the last spines very much shorter than the middle ones, and all depressible in a deep 
groove ; anal fin similar to soft dorsal, with three low stoat spines ; candal fin broad, nearly trnn- 
cate; pectorals moderate; ventrals long, reaching vent; color brownish with large black blotches, 
becoming with age nearly uniform greenish black ; vertical fins in the young with a conspic- 
uons pale edge; ventrals black. Head 3 in length; depth 3. D. XI, 10: A. Ill, 8; scales 
115 GiaA8,lL 

11. STBREOLEPI8 OIOAa 

• 

(The Caxifornia Jew-fish.) 

Stereolepis gigas Ayres, Proc. Cal. Acad. Sci. 2d, 1859 ; (Southern California) Jordan & Gilbert, Proo. 
U. S. Nat. Mus., 27, 18o0, (San Diego); Jordan & Gilbert, Proc. U. S. Nat. Mus., 456, 1880; 
(Monterey Bay; Sauta Barbara; San Diego) ; Jordan &, Gilbert, Synopsis Fish, N. Am., 531, 
1883 ; Jordan Cat. Fiah. N. Am. 83, 1885. 

Stereolepis califamicus Gill, Proc. Acad. Nat. Sci. Phil., 330, 1863, (California) substitnte for gigae, sup- 
posed to be preoccupied, but the Centropristis gigaa of Owen is a Polyprion, 

Habitat — Coast of California, north to the Farallones. 
Etymology : gigaa, giant. 

This huge fish is rather common about rocks on the California coast, from the 
Farallones southward to bej'ond San Diego. It reaches a weight of 400 to 500 pounds. 

As it was thought likely that Oentropristia gigas Owen (Osteol. Cat. 1853, 1, 51) from 
New Zealand might prove to be a species of Stereolepis^ Dr. Gill has proposed to 
change the name of this species to Stereolepis californicus. This species of Owen, is 
now regarded as identical with Polyprion, oxygeneios. 

Genus IV.— HBMILUTJANUS. 

Hemilu^anuB Bleeker, SyHtema Percarum Revisum, Archives Ne^rlandaises, XI, 1875,277. (Type 
Pleclropoma macrophthalmos Tschudi). 

Type — Plectropoma macrophthalmos Tschudi. 

Etymology — Tj/atj half; Lutjanus, a genus of sparoid fishes, to which these fishes are 
in no way allied. 

This is one of the most strongly marked of the Serranoid genera, showing resem- 
blances at once with Stereolepis, Plectropoma, Anthias, and Priacayithu-, But a single 
species is detiuiteiy known. 

The name selected by Dr. Bleeker for this genus is peculiarly unfortunate, for 
besides the lack of euphony in the name, the genus has neither resemblance to nor 
affinity with the genus Lutjamis. 

ANALYSIS OF SPECIES OF HEMILUTJANU8. 

a. Color nearly uniform grayish, lateral line black ; caudal lunate ; body rather short, deep, compressed ; 
anterior profile rather steep; snout sharp; profile with a concavity before and above eye, the 
nape convex; occipital keel sharp; interorbital space broad, concave next the sharp orbital 
ridges, the middle transversely convex ; interorbital width 4| in head, snout 4; nostrils round- 
ish, close together, the posterior the larger; eye very large, I^ in head; preorbital extremely 
narrow, about one-fourth width of pupil; mouth large, the lower jaw projecting; iii.ixillary very 
broad and scaly, reaching posterior edge of pupil, l,*^,, in head; supplemental maxillary very 
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broad, broader than in any other of the Serranidaiy scaly, its width scarcely less than that of the 
preorbital; teeth very small, in villiform bands; no canines; the outer teeth above very slightly 
enlarged ; preopercle siibrectangiilar, the perpendicular limb straight, vertical and finely ser- 
rate; angle with larger, radiating teeth; aboat ten small sharp teeth on rhe lower limb directed 
downward, the anterior directed slightly forward; top of head, maxillary, mandible, opercalar 
bones, all parts of the head except the eye and lips closely covered with small rough scales, much 
as in the genus Priaoanihus; scales on opercle small, like those on the cheeks; gill-rakers very 
long, about x-(-'20, the longest If in eye; opercular spines very weak; lateral line bent upward 
anteriorly, but not running high, the scales above it smaller than those below ; dorsal and anal 
fins naked, but with a scaly sheath at base; dorsal spines low, the fifth highest, 'i\ in head; soft 
dorsal rays few and rather long, their height not twice that of last spine, 3 in head; anal fin 
low, the spines strong, graduated; second anal spine 4 in head; caudal lunate, with rounded 
lobes; pectoral points, rather short, l^ in head. Color dusky-silvery, the fins blackish ; lateral 
line black, conspicuous, much as in Centropomus undecinialis. Head, 2f in length ; depth, 2f. D. 
X, 11 ; A. Ill, 9. Scales, GG (pores) ; 70 rows above lateral linQ, 100 below ; 18 between first dor- 
sal spine and lateral line Macrophthalmos, 12. 

aa. [Color reddish gray, with five large yellow spots on the side; caudal fin forked. D. X, 12; A. 
111,7.] (GUnther) Paytensis, 13. 

12. HEMILIJTJANnS MACROPHTHALMOS. 

Plectropoma macropklhalmoa Tschudi, Fauna Peruana, Ichth., 1845, 0. (Lnrin, Callao.) Giinther, I, 

165, 1859; (copied). Kner, Neu« Fische aus Mustuin Godeff'roy, lw67, 3, plate. (Iquique). 
llemilutjanuB {macraphthalmus) Bleeker, Systema Percaruni Revisnm, 1875, 277 (generic diagnosis). 

Habitat — Coasts of Peru and Chili. 
Etymology, — Maxp6<:^ large ; otpOaXfxdq^ eye. 

We have examined specimens of this species in the museum at Cambridge from 
Peru and from Caldera, Chili. The specimen from which our account is taken (21716 
M. C. Z.) is from the coast of Peru; E. G. Squire. It is about 11 inches in length. 
The species is well represented in the figure published by Dr. Kner. 

13. HEMZLUTJANUS PATTENSIS. 

Plectropoma paytensis Lesson, *' Voyage de la Coquille, Zool. 2:^, 1828^ (Payta.); Qiinther, I, 165, 
1859. (Copied). 

Habitat. — Coast of Peru. 

Etymology, — Named from Payta, where it was first found. 

We know nothing of this species except what is contained in the few words quoted 
by Dr. Giinther from Lesson. It may not belong to Hemilutjanus^ though, so far as it 
goes, the description accords with this genus. Possibly it is simply the young of J2. 
macrophthalmo8. 

Genus V.— GONIOPLECTRUS. 

OoniopleotniB Gill, Proc. Ac. Nat. Sci., Phita., 1862, 236, 237 ihispanum). 

Type. — Plectropoma hispanum Cuv. and Val. 
Etymology, — /'aii/ca, angle; nXijxTpov^ spur. 

This well-marked genus contains a single species allied to Plectropoma and Alphes 
tes^ but with a stronger opercular armature than is found in any other genus. Accord- 
ing to Poey, the skull ''shows a great aflBnity with Hypoplectrus. Thus it is rounded 
above, the supraoccipital crest is below the level of the frontals; the other crests are 
low." In some respects Oonioplectrus resembles Anthias. 
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ANALYSIS OF SPECIES OF OONIOPLECTRUS. 

a. Body short and deep, with very short, deep tail ; interorbital region narrow, the bones ragose ; snout 
3} in head; maxillary reaching middle of orbit, 2 in head, naked, its supplemental bone well 
developed; preorbital narrow; lower jaw projecting; teeth very small, in narrow, villiform 
bands, the depressible teeth very few ; a stoat canine on each side, in front of each jaw, and one 
or two similar canines in middle of side of lower jaw ; eye 4^ in head (exclusive of opercular 
spine) ; preopercle finely serrate, with a single very large antrorse hook at its angle ; opercle 
ending in four spines, the second of which is long, straight, compressed and knife-shaped, as 
long as eye j nostrils small, ronnd, separated, the posterior the larger; suborbital serrate on its 
odge ; gill rakers rather long and slender, x -f 15 ; scales small, firm, and rough ; lateral line 
arched, running high, close to middle of spinous dorsal, and then bent abruptly downward; 
dorsal spines low and stout, the fin notched; soft dorsal short and rather high; longest dorsal 
spine 3 in head ; second anal spine 2f , very strong, longer than third, the soft rays high and 
rather short, scaly ; pectorals moderate, rounded at tip, longer than ventrals, 1^^ in head ; caudal 
truncate, its peduncle as deep as long ; color rose-colored, with yellow stripes along head and 
back ; top of head with orange spots ; a pale bar before vent ; candal fins sometimes with dark 
spots; fins otherwise plain ; head 2^ in length ; depth 2|. D. VIII, 13. A. Ill, 7, scales 70. 

HiSPANUS, 14. 

14. aONIOPLECTRUS HISPANUS. 

(" Spanish Flag "; Ouatilibi Espagnol ; Biajaiba de lo alto.) 

Pleotropama hispanum Cuv. <& Val., Hist. Nat. Poiss., ii, 396, 1H28, (Martinique); Storer, Synopsis 
Fish. N. Am., 282, 1846 (copied) ; Poey, Memor. Cuba, I, 72, plate 4, fig 1, 1851 (Havana) ; GUn- 
ther. Cat. Fish Brit. Mus., I, 165, 1859 (copied). 

Gonioplectrua hispanus Poey, Synopsis Piso. Cubens., 289, 1868 (Havana) ; Poey, Enumeratio, 24, 1875 
(Martinique). 

Habitat. — West Indiau faana. 

Etymology. — Hispantis, Spanish, its colors resembling those of the Spanish flag. 

This species is known to ns from specimens in the museum at Cambridge, sent 
from Cuba by Professor Poey. 

Genus VI.— GILBBRTIA. 
Oilbertia Jordan, Genus nova. 

Type. — Plectropoma semicinctum Cuv. & Val. 

Etymology. — Named for Dr. Charles Henry Gilbert, of the University of Indiana. 

The group of species of which Plectropoma semieinctmn is the type seems to us to 
form a genus suflBcieutly distinct from Plectropoma. The latter genus (taking Bodianus 
cyclostomtis Lac. ( = B. melanoleuctis Lac.) as its type,* has a much shorter dorsal fin 
(D., VIII, 11 or 12) and small scales. Both genera have lateral canines in the lower 
jaw. There are no American species in Plectropoma as now restricted. 

Besides the typical species, semicinctaj the three following, none of them examined 
by us, appear to belong to Oilbertia: 

Plectropoma nigrorubrum Cuv. & Val. (Australia). 

Plectropoma annulatum Giinther (locality unknown) and Plectropoma annatum 
Castelnau (=P. huntii Hector), from Australia. 

•This arrangement accords witli the earliest restriction of Plectropoma^ tliat made by Gill in 
1862. Bleeker has since transferred the name Plectropoma to Latea, becuiise of the three species placed 
by Cuvier in Plectropoma^ the one standing first in the list was Laies caloarifer. To the genus caUed 
Plectropoma by GiU he has given the new name of Paracanthialius. 
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Plectropoma dentex Gav. & Yal., also from Australia, seems to belong to a differ- 
ent genus {Colpognathus Klunzinger, Sitzber. Akad. Wiss. Wien, 1879, LXXX, 339)| 
having both jaws well scaled and three to six large canines on the side of the lower jaw. 
Colpognathus dentex has also the dorsal rays X, 18, and the antrorse teeth of the pre- 
orbital quite small. 

I have taken pleasure in naming this genus for my friend and associate, Dr. 
Charles H. Gilbert. 

ANALYSIS OF AMKKICAN SPECIES OF OILBERTIA. 

a. Body compreBsed, moderately elongate ; head rather pointed, the profile straightish and not very 
steep; eye small, 5 in head ; maxillary 2 in head ; preorbital narrow, two-tbirds diameter of eye; 
teeth quite small, in very narrow bands, the inner depressible ; a stout canine on each side in 
front of each jaw, and a stout curved canine on each side of lower jaw ; supplemental maxillary 
evident; jaws naked; top of head very narrow, transversely convex, scaly; iuterorbital width 
10| in head ; snout 3^ ; preopercle rounded, arciform, rather finely and sharply serrate ; two 
moderate teeth, hooked forward on its lower limb ; opercular spines small ; scales on opercles 
much smaller than those on cheeks, the latter in 15 rows ; gill rakers short and slender, x-(-10, 
as long as pupil ; scales rather large, ctenoid, those on breast small ; lateral line running rather 
high ; dorsal spines low, slender, the fifth longest, 2f in head ; the last spine not half the height 
of the first soft ray, which is rather high, 2} in head; caudal rounded; anal rather low, the 
second spine high and strong, 2^ in head ; pectoral long. If in head. Color in spirits : body 
and fins pale, the fins nearly plain, the spinous dorsal and anal with dark edging; upper half 
of body with seven or eight broad black cross-bands wider than the interspaceH, these somewhat 
irregularly confluent along sides, and not quite meeting below ; top and sides of head with 
dark streaks; breast with dark longitudinal clouds. Head 2f in length; depth 2}. D. X, 20. 
A. Ill, 8. Scales 52 (51 pores) Semicincta, 15. 

15. aiLBERTIA SEMICINCTA. 

Plectropoma semicinctum Cuvier & Valenciennes, Hist. Nat. Poiss. IX, 442, 1833 (Juan Fernandez) ; 

Gay, "Chile.. Zool. II, 153, pi. 2, f. 1 " (Chili). 
f Plectropoma eemicinctum Giinther I, 160, 1859 (Australia) ; Steindachner, Zur Fisch-faonai Port jAok- 

sou, 1866, 2 (Australia). 

HaMtat, — Coasts of Chili. 

Etymology. — Semi^ half ^ cincttLs^ belted. 

We have examined two specimens of this species (4829 M. 0. Z.), each aboat 6 
inches in length, collected on the island of Jnan Fernandez by Dr. Steindachner. 

The coloration, the large scales, and the naked jaws give this fish a resemblance 
to the species of Serranus, but its real affinities are with Epinephelus and Plectropoma. 

The Australian specimens referred by OUnther and Steindachner to this species 
perhaps belong to some other. 

Genus VII.— ACANTHISTIUS. 

AcanthiatiuB Gill, Proc. Ac. Nat. Sci., Phila., 1862, 236 (eerraius). 

Type. — Plectropoma tterratum Cuv. and Val. 
Etymology, — uxa^^Oa, spine; forcov, sail or dorsal fin. 

This genus is allied to Plectropoma^ as restricted by Gill, a chief difference being 
the presence of thirteen dorsal spines instead of eight, as in Plectropoma. This charac- 
ter of having the spines in increased iininber seems to accord with the flEUSts of its geo- 
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graphical distributipa, the species of Plectropoma aud of its allies with few dorsal 
spioes, OiWertia and Alphestes^ belonging to tropical waters, while Acanthistius is char- 
acteristic of the south temperate zone. Our species of Acanthistius differ from the 
type of the genus in the presence of lateral canines, which are undeveloped in Acan- 
thistius serratus. Less closely allied to Plectropoma are Gonioplectrus and Eemilutjanus 
while Hypoplectrusj usually associated with these, is a genuine ally of Serranus^ having 
little except its plectroid armature in common with these grouper-like fishes. 

ANALYSIS OF AMERICAN SPECIES OF ACANTHISTIUS. 

a. Sides of lower jaw with small canines. 

h. Body very short and deep, the depth 2^ in length; preopercular spines moderate, 3 on lower Umb; color 
plain dark brown or with paler cross shades ; back elevated ; anterior profile steep and straight ; 
jaws subequal; month moderate, the maxillary reaching posterior border of eye, 2 in head ; snout 
4j in head; eye 4|; preorbital narrow; interorbital space narrow, transversely convex; teeth 
small, about as in Epinephelus; canines small; lateral canines of lower jaw as large as upper 
anterior canines, and larger than anterior canines of lower jaw ; nostrils small, round, not close 
together; preopercle rounded with moderate serra) above, these increasing in size downward; 
three serne turned downward and forward on lower limb, besides two near angle also turned 
downward; opercular spines small ; scales larger aud rougher than in patachonious; gill-rakers 
moderate, slender, x-}-14 ; lateral line normal in direction ; dorsal spines rather slender, the 
longest 2^^ in head ; dorsal deeply notched, the soft rays low ; caudal peduncle short, compressed ; 
caudal rounded ; anal rounded, short and high, the second spine strongest, 2J in head ; pectoral 
rather long, 1} in head. Color brown, nearly plain ; fins dusky ; young with paler cross-bands. 
Head 2J in length; depth, 2^; D. XIII, 15; A. Ill, 8; scales 60 (pores), 86 in a longitudinal 
series Brasilianus, 16. 

bb. Body less deep ; the depth 2? in length ; preopercular spines very strong, 2 on lower limb ; color 
brown, covered with darker reticulations. Body short and deep, the back elevated, the profile 
straight and rather steep; preorbital and teeth essentially as in A. brasilianus; jaws subequal; 
maxillary broad, scaleless, with well-developed supplemental bone; maxillary reaching pos- 
* terior edge of pupil, 2^ in head ; eye large, 4^ in head ; snout short, 4|; nostrils round, the pos- 
terior rather the larger; preopercle strongly and sharply serrate above, the teeth larger below; 
a strong tooth downward and backward at angle, with two strong antrorse hooks before it; 
opercular spines small, but distinct; gill-rakers long and slender, 1§ in eye, x-f-13 in number. 
Scales small, ronghish ; lateral line normal in direction ; scales below lateral line larger than 
those above; dorsal and anal fins low; longest dorsal spine, 2| in head; second anal spine 2f ; 
fourth soft ray of anal longest, 1^ in head ; caudal truncate, its peduncle moderate, compressed; 
pectoral rather long, 1} in head. Color brown, the body covered with a network of dark lines, 
which form sharply defined reticulations or vermiculations everywhere; these extending on 
scaly part of soft dorsal and anal, but not on head or on other fins; fins mostly dusky ; young 
with about 4 dark cross-bary. Head 2J in length ; depth 2i?. D. XIII, 15; A. III,7or8; scales, 68 
(pores) (the uuuiber in a longitudinal series above lateral line nearly 100). . . Patachonicus, 17. 

16. ACANTHISTIUS BRASILIANUS. 

Ph'ctroponm brasiUauum '^n\\ and Val., Hist. Nat. Poiss. II, 1828, 397 (Brazil) : Glinther, 1, 164 (copied). 
V PUctropoma acuhatum Cuv. and Val., VI, 523, 1830 (Banc des Aiguilles). (GUnther, I, 163 (copied). 

Habitat, — Coast of Brazil. 
Etymology. — BraHilianus^ Brazilian. 

The specimens of this species examined by us (4830 M. C. Z.) were collected at 
Rio de Janeiro by Dr-. Steindacliner. The short description of Plectropoma acultatunij 
from the **Banc des Aiguilles," af;^rees with .t. hrasilianns in all respects so far as it 
goes. I am not certain as to the location of tins bank, but the Point "des Aiguilles'' 
is in northern New Zealand. 
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17. ACANTHISTinS PATACHONICU8. 

Pleotropama pat€Uihonioa Jonynii, Voyage Beagle, Fishes, 1840, 11. (Mouth of the Rio de la Plata; east 
coast of Patagonia.) 

Habitat. — Southeastera coasts of South America, north to Uruguay. 
Etymology. — Patachonicusy Patagonian. 

We have examined specimens of this species (4515 M. 0. Z.) collected at Maldonado 
by Mr. Thomas G. Oarey. Numerous specimens were also taken by the Albatross at 
points on the east coast of Patagonia, most of them off Gape San Matios. It is 
well distinguished from its congener, A . brasilianusj by the chciracters originally noticed 
by Mr. Jenyns, as well as by its coloration and the small size of its scales. 

Genus VIII.— ALPHESTBS. 

Alphestes Bloch <& Schneider, Syst. Ichthyol., 236, 1801 (afer), 

Prospinua Poey, M3S. ; Gill, Proc. Ac. Nat. Sci., Phila., 237, 1862 (chloropterua = afer). 

Type. ^Epinephelus afer Bloch. 

Etymology. — yl>l^>j<rTi9?, greedy or incontinentia name applied to a tindof fish that 
swims in pairs, one behind the other, possibly Symphodus tinea. 

This genus contains a few species of small size, intermediate between Plectropoma 
and Epin^helus. 

For the synonymy of its species see Jordan & Swain, Proc. D. S. Nat. Mus., 
1884, 394. 

ANALYSIS OF SPECIES OF ALPHESTES. 

a. Preopercle with a single strong antrorso spine below its angle ; second anal spine longer than third; 
head small ; scales uiostly cycloid. D. XI, 17. A. Ill, 9. Scales 80. 
6. Olivaceous, the ground color nearly uniform, the body and fins closely covered with small dark- 
brown spots; breast plain; snout slender, pointed; lower jaw rather strongly projecting. 

MULTIGUTTATUS, 18. 

bh, Olive, clouded with dusky, the body with rather few dark orange spots; breast with pearly 
spots; a dark mustache above the maxillary; lower jaw little projecting; preorbital very 

narrow Afer, 19. 

€ui, [Preopercle with two antrorse spines below the angle; second anal spine not longer than third, bnt 
stouter; canine teeth ^hick and blunt; third to fifth dorsal spines highest ; caudal truncate, 
with rounded angles; ventrals reaching tips of pectorals, not to anal fin; scales ctenoid; 
color iron-gray, paler below; fins, except pectoral, dusky. Head, 2|; depth, *2f. D. XI, 17. 
A. 111,9. Scales 100.] (Kner) PiCTUS, 20. 

18 ALPHESTES MXTLTiaUTTATUS. 

Plectropoma multiguttafiim GUnther, Proc. Zool. Soc, London, 1866, GOO (Panama). 

Alphestes muUiguttatus Jordan & Gilbert, Bull. U. S. Fish Comm., 1882, 107, 110 (Mazatlan; Pan- 
ama) ; Jordan & Gilbert, Proc. U. S. Nat. Mus., 1882, 375. 

Epinephelua multiguttatun Jordan &, Gilbert, Proc. U. S. Nat. Mus., 1882, 625 (Panama); Jordan & 
Swain, Proc. U. S. Nat. Mus., 1884, 395 (Mazatlan; Panama). 

Plectropoma a/rum GUnther, Fishes.Centr. Amer., 411, 1869, with plate (Panama). 

Habitat — Pacific coast of tropical America ; Mazatlan to Panaaia. 
Etymology. — Multum, many; guttatus, spotted. 

This species is common on the Pacific coast of tropical America, where it repre- 
sents the closely related A. afer. 
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19. ALPHE8TE8 AFER. 

(GUASETA.) 

^nepheluB afer Bloch, Ichthyologia, tab. 327, 1793 (Guinea f). 

Alphestea afer Bloch & Schneider, Syst. lohth., 1801, 236 (copied) ; Peters, Berliner Monatsber., 1865, 

105 (description of Bloch's type) ; Jordan & Swain, Proc. U. S. Nat. Mus., 1884, 396 (Cuba). 
Pleoirapoma ohloropterum Guv. &, 7al., Hist. Nat. Poiss., II, 398, 1828 (San Domingo ; Martinique) ; 

Poey, Memorias Gnba, 1, 73, tab. 9, f. 3, 1851 (Havana); Vaillant & Boconrt, Miss. Sci. au 

Mexique, 107, pi. v, f. 3, 1876 ; Poey, Repertorio, i, 265, 1867. 
Prospinus ohloropterus Poey, Syn. Pise. Gnbens., 1868, 289 (Havana) ; Poey, Enameratio, 1875, 18. 
Pleotropoma monacanthvs Mtiller &, Troschel, Scbomburgk's Hist. Barbadoes, 665, 1848 (Barbadoes), 

GUntber, Gat. Fish Brit. Mus., I, 164, 1859 (copied) ; Gope, Trans. Am. Phil. Soc., 1871, 467, 

(St. Martins). 

Habitat — West Indian faana ; Cuba to Brazil. 
Etymology. — Afer^ African. 

This small fish is generally common in the West Indies. Our specimens are 
from Oaba and Bahia. 

20. ALPHESTES PICTUS. 

Pleoirop&ma piotum Tschudi, Fauna Peruana, 5, 1844 ; Gtinther, Gat. Fish Brit. Mus., I, 164, 1859 

(copied) ; Kner, Neue Fische aus. Museum Godefifroy, 1867, 2. (Iquique.) 
Alphestea piotus Jordan &, Swain, Proc. U. S. Nat. Mus., 1884, 395 (copied). 

Habitat. — Coast of Peru ; not seen by us. 
Etymology. — Pictusj painted. 

This species may perhaps prove to be the type of a distinct genus. Our account 
is taken chiefly from the description of Dr. Kner. 

Genus IX.— EPINEPHELUS. 

Epinephelas Blocb, Ichthyologia, 1793 (in part; not species which suggested the name). 

Cema Bonaparte, Introduzione alia classe Pesci, Fauna Italica, toino III, pt. I, 1833 (gigas), 

Cynichthys Swainson, Nat. Hist. Classn. Fishes, II, 1839, 201 (Jlavo-purpuratus). 

Cromileptes Swainson, Nat. Hist. Classn. Fishes, II, 1H39, 201 (gigaa, etc). 

EpinepheluB Bleeker, Gill, 1861, and of most American writers. 

Hyporthodus Gill, Proc. Ac. Nat. Sci. Phila., 1861, 237 (flavicauda = niveatus), 

Schistorus Gill, Proc. Ac. Nat. Sci. Phila., 1862, 237 {myatacinus). 

Labroperca Gill, Proc. Ac. Nat. Sci. Phila., 1863, 80 {labriformis). 

Merus Poey, Ann. Lye. Nat. Hist. N. Y., about 1861) (gigas, etc). 

Prlacanthichthys Day, Proc. Zool. Soc. London, 1868 (young). 

Cema Doderlein, Rivista delle Specie del genere Epinephelus o Cerna^ 1873 {gigcts), 

Hyposerranus Klunzinger, Fische des Rothen Meeres, 1884, 3 {morrhua), 

Garrupa Jordan, subg. nov. {nigritus), 

Serranus sp., auct. {neo typus). 

Type. — Epinephelus marginalis Bloch. 

Etymology, — £7rcu£<psXog^ clouded over, in allusion to the membraDe supposed to 
cover the eye in E. ruber (Mycieroperca). 

This is the largest and most important genus of the Serranidcc^ and its species 
are most widely distributed. 

Most of the American species of this genus have been already described in detail by 
Jordan & Swain (Proc. U. S. Nat. Mus., 1884, 379 et seq. To tliis account the reader 
is referred for description and synonymy. We have, however, in this paper omitted 
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E. selUcauda^ which seems to be identical with JS. labriformis. We have also added 
E. flavolimbatuSy which we now regard as probably a valid species, E. merus^ a re- 
cent addition to the American fanna, and the Enropean species, E. canintiSy alexan- 
drintis^ chryaotcenia, aspersus^ ameiis^ and goreensis. 

We retain for this genus the old generic name Epinepheltis^ becanse, taking the 
successive restrictions which have followed its use by Bloch, its use by all authors 
would hold it with the present group. 

The species of Epinephelm which suggested to Bloch the generic name is, however, 
a Mycterapercaj for the name (meaning clouded over) came from a supposed character 
of Mycteroperca rubra {Epinephelus ruber Bloch). B)och & Schneider say of this 
species: ^' Oculi membrana communi quasi nebula ita obducta ut opaci esse videan- 
tur; unde nomen genericum." Bloch gives ^* Blodauge," dimeye, as the German 
equivalent of Epinephelus. Should we regard the species which suggests the generic 
name as the type of the genus, the name Epinephelus must take the place of Mycter* 
opercaj while the present genus would be called Cerna. 

We think, however, that the restrictions made by different authors should deter- 
mine the type. The gradual elimination of species would leave the genus as defined 
by Gill, and Epinephelus marginalis Bloch may be regarded as its type. This species 
is congeneric with E. catusy E. striatus^ and other typical American forms. The name 
Cema is then a synonym of Epinephelm. 

We can find no description of the typical species of Cynichthy8{^^Jlavopurpuratti8^)j 
and we are not sure whether it belongs to this genus or not. 

The genus Epinephelus is represented in all warm seas. Even after the removal of 
the numerous species here placed in other genera, it is by far the largest of all the 
genera of Serranidce, 

ANALYSIS OF SPECIES OP EPINEPHELUS FOUND IN AMERICA AND BUROPB. 

a. Interorbital space of moderate width, its breadth more than half diameter of eye and 7 to 10 tio-es 

in length of head ; lateral teeth* of lower jaw in more than 
two rows, at least in the adult {Epinephelus). 
h. Dorsal spines ten ; caudal rounded ; body with faint, dark cross-shades and many round, dark- 
orange spots, these extending on the fins; vertical fins not 
edged with black ; preopercle with nut salient angle; lower 
jaw strongly projecting (in all respects, except the number 
of spines, almost identical with E. adeoeneionis). 

Analoous, 21. 
hh. Dorsal spines eleven. 
0. S<^cond dorsal spine short, lower than third or fourth. 

d. Preopercle without distinct spinules on its lower limb; nostrils subequal, the posterior 

usually not twice diameter of the anterior; pyloric cseca in 
small number, usually 10 to 25. 
/. Body and head covered with red or orange spots (dusky in spirits and always darker 

than the ground color). 
g. Vertical fins without dark edge ; their bases spotted like the body ; body with large 

pale spots besides the orange spots ; young with large black 
blotches at base of dorsal ; lower jaw strongly projecting ; 
angle of preopercle not salient ; form robust. 

Adscensionis, 22. 



'Lateral teeth of lower Jaw in two rows ouly in the subgenus Hypoaerranue Klunzinger. 
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gg. Vertical fins broadly edged with blue-black, their bases unspotted ; body without pale 

spots, the orange spots rather small ; lower jaw little pro- 
jecting; preopercle with salient angle; body rather slen- 
der ; size small C atus, 23. 

ff. Body, head, and fins dark reddish brown, profusely covered with small pearly-white stel- 
late spots; preopercle without salient angle; fins not 
edged with black ; body robust ; lower jaw projecting ; 
caudal subtruncate, with sharp angles. 

Drummond-Hayi, 24. 
fff. Body not covered with round red, orange or stellate white spots ; spots, if any, bluish, 

whitish, or brownish, irregular or diffuse. 
i, Preopercle without salient angle, the serrte at the angle scarcely enlarged ; caudal 

fin rounded ; (eye not surrounded by dark points ; body with- 
out traces of longitudinal darker stripes) ; caudal peduncle 
with a large, quadrate black blotch above (sometimes ob- 
solete in young or in very old examples) ; color (in spirits) 
dark brown, with scattered roundish blotches of pale blue- 
ish, these most distinct on breast and lower parts of head ; 
fins pale, spotted like the body, their edges darker; young 
with large round, whitish spots, regularly arranged. 

Labriformis, 25. 
<i. Preopercle with a more or less distinct salient angle, which is armed with larger 

teeth (these teeth occasionally undeveloped in E. atriaiuSj 
which species may be known by the presence of black points 
around the eyes). 
k. Caudal peduncle with a large quadrate saddle-like black blotch above (some- 
times wanting \u E. niveatus^ especially in the young) ; ver- 
tical fins not edged with black. 
{. Eye surrounded by conspicuous dark brown points ; body with irregular dark 

cross-bars; angle of preopercle little salient; third dorsal 
spine highest, 2| in head; scales moderate, about 100; 
caudal rounded; lower jaw little projecting; vertical fius 

in life broadly edged with yellow Striatus, 26. 

II. Eye not snrroiinded by dark points ; sides brown, marked with large blotches 

of steel-blue, these more or less regularly arranged and not 
distinct on the breast; no dark cross-bars; lower jaw 
strongly projecting; caudal fin subtruncate, its angles 
rather acute ; pyloric ctpca rather numerous. . Ni veatus, 27. 
kk. Caudal peduncle without black, saddle-like blotch above. 

n. Caudal tin truncate or emarginate when spread open, not convex behind ; 

maxillary usually' more or less scaly ; vertical fins without 
broad edging of black, 
o. Dorsal fin, or a part of it, distinctly edged with bright yellow. 
p. Color of body uniform reddish brown, a clear blue streak from eye to 
angle of preorbital ; a faint dark moustache ; no black spots 
anywhere; whole dorsal with a bright yellow edging; anal 
and caudal without pale ed«;in«: ; caudal slightly lunate; 
maxillary scaly; ilorsal rays X, 14; lower jaw strongly pro- 
jecting (as in Epinepkelua nireatus, with which this species 
seems to agree very closely in all rosj)ects except the color). 

Flavolimbatus, 28. 
pp. [Color of body dull greenish, the sides speckled with emerald-green ; 
(<lirty whitish in spirits) ; tips of anal, caudal, soft dorsal 
and pectoral saffron-yellow ; four oblong, dark blotches on 
back below base of dorsal; body rather elongate ; lower jaw 
projecting; dorsal rays XI, 16; caudal injured] (Jenyna). 

ASPERSUS, 29. 
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00, Dorsal fin without yellow edging. 

q. Body withoot dasky longitadinal streaks, 
r. Dorsal rays XI, 15 to 17. 
f. [Color brown, with a large qaadrate golden blotch on the side 
of the back, chiefly below the spinoas dorsal; fins all low ; 
the dorsal spines snbequal; teeth at angle of preopercle 
strong; caudal fin lunate ; body rather slender; the depth 
3i in length ; maxillary partly scaly ; lower jaw much pro- 
jecting ; dorsal rays XI, 16 or 17 J (Doderlein), 

Chrtsot^nia, 30. 

M. [Color nearly uniform brown ; the dorsal scarcely edged with 

darker ; a black mustache along the maxillary, but no blue 

bands on cheek ; maxillary chiefiy naked ; caudal fin trun- 

' oate, with rather sharp angles; dorsal rays XI, 15 or 16 ; body 

not very robust, the depth 3} in length (Steindaohner), 

OORBENSIS, 31. 

TT. [Dorsal rays XI, 13 or 14 ; caudal fin truncate, the angles rounded ; 
body robust ; the depth 2| in length ; mouth large ; maxil- 
lary scaly ; lower jaw projecting ; dorsal spines low, sub- 
equal ; color uniform grayish] {DoderUin) Caninus, 32. 

qq, [Body reddish, with three or four dusky longitudinal streaks along 
the side of the back; two dark streaks across cheek; caudal 
truncate, with rounded angles; maxillary nearly nake^; 
dorsal rays XI, 15 or 16; body rather elongate, the depth 3^ 
in length ; serrss at angle of preopercle very strong ; fins 
rather low, the spines subequal] {Doderlein), 

Albxandrinus, 33. 
nil. Caudal fin convex behind, the middle rays longest ; maxillary naked. 

i, [Dorsal rays XI, V^ or 14; vertical fins not edged with black; 
body rather slender, the depth 3^ in length ; mouth moder- 
ate; dorsal spines unequal, the third and fourth a little 
longer than those following. Color olivaceous, three con- 
spicuous, pale-blue streaks across the cheek and opercles] 
{Doderlein) iBNSUS, 34. 

U, Dorsal rays XI, 15 or 16 ; vertical fins broadly edged with 
dark brown or black ; color reddish brown, the adult nearly 
plain, the young with darker spots ; preopercle with strong 
teeth at its angle, the lower limb entire; dorsal spines sub- 
equal, rather low ; interorbital width moderate, about 6^ in 
bead ; candal rounded ; maxillary naked ; body robust, the 

depth 3 in length Gigas, 35. 

lid. Preopercle with two or three small irregular teeth below its angle ; posterior nostril very large, 

nearly three timesdiameter of anterior; head large; pyloric 
C8Bca in increased number {Schistorus) ; second and third anal 
spines about equal in length; color brownish, with about 
eight darker cross-bands; dark bands radiating from eye; 
a dark mustache above the maxillary; a dark blotch on- 
back of tail Mystacinus, 36. 

ce. Second dorsal spine elevated, not lower than third or fourth ; candal fins lunate ; preopercular 

angle little salient, without enlarged teeth; interorbital 
width 7\ in head ; color brown, clouded with whitish ; lower 
parts flushed with orange-red ; small dark spots about eye; 

vertical fins broadly edged with blue-black MORio, 37. 

aa, Interorbital area very broad, its width 4 to 6 times in length of head; caudal fin rounded; dor- 
sal spines very uneqnal, the second considerably elevated; 
body very robast. {Garrupa Jordan). 

Bull. U. 8. F. C, 88 23 
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Sarranu$ maoulaiu9 var. impetiginonu Peters, Berl. Moaatsber., 1866, 110. 

BpinepKelu$ impetiginosua Poey, Repertorio, I, 201; Poey, Syn. Piso. Cabens., 286, 1868 (Cuba); Jordan 

& Gilbert, Syn. Fish. N. A., 1883, 973. • 

8erranu8 oapreolus Poey, Memorias Caba, II, 1860, 145 (Caba); Vaillant & Bocoart, Mission Scientifiqae 

an Mexique, 87 (Gulf of Mexico; Brazil; Ascension). 
Epinephelua capreolu8 Jordan & Gilbert, Syn. Fisb. N. A., 1883, 539 (specimen from Key West described). 
Serranus variua Boconrt, Ann. Sci. Nat Paris, 1868, 222 (Gulf of Mexico). 

Habitat. — West Indian fauna, Florida Keys to Brazil; Ascension and St. Helena 
Islands. 

Etymologif.'^AdscensianiSj from Ascension Island, where the species was first 
taken. 

Specimens of this common species from Bahia are in the museum at Oambridge 
and in the IT. S. National Museum. 

23. EPINSPHELUS CATUa 

(Cabrilla; Red Hind.) 

Cugupuguacu Br<uil, the Hind, Catesby, Nat. Hist. Carol., etc., 1743, tab. 14 (Bahamas). 

Cabrilla Parra, Dif. Piezas, Hist. Nat. Cuba, 1787 (Havana). 

Perca guttata Linnseas, Syst. Nat., X, 1758, 292 (in part, not type ; after Marcgraye, Sloane, Willonghby, 

Ray, and Catesby, the figure of Catesby only belonging to this speoies). 
Epinephelua guttatua Gk)ode, Bull. U. S. Nat. Mus., V, 1876, 58 (Bermudas); Jordan &, Gilbert, Syn. 

Fish. N. A. 1883, 919, 973 (specimens examined from Florida Keys) ; Bean, Proo. U. S. Nat. 

Mus., 1880, 99 (Bermuda; Florida). 

• 

Serranus apua Cav. & Val., II, 1828, 287 (Brazil; citing as synonym Piratiapia of Marcgrave, and of 
authors; not Bodianua apua Bloch, Giinther, 1, 140, 1859 (Jamaica) ; Steindachner, Ich. Notiz., 
VI, 4dy 1867 (Barbadoes; Suriuam); Gttnther, Shore Fishes, Challenger Exp. 1880, 6 (St. 
Thomas). 

Epinephelu8 apua Jordan & Gilbert, Syn. Fish N. A., 973 (name only); Jordan & Swain, Proc. U. S. 
Nat. Mus. 1884, 389 (Havana). 

Lutjanus lunalatua (bis) Bloch & Schneider, Syst. Ichthyol., 1801, 329 (after Cabrilla Parra; not 
Lutjanu8 lunulatui Bioch & Schneider). 

Serranus lunulatus Guv. & Val., II, 1828, 379 (after Parra) ; Steindachner, ^.Ichthyol. Mittheil., IX, 
1866, 15 " ; Poey, Repertorio, I, 200. 

Epinephelus lunulatus Poey, Synopsis Pise. Cubens., 1868, 286; Poey, Enum. Pise. Cub., 1875, 16 (Ha- 
vana); Cope, Trans. Am. Philos. Soc, 1871, 465 (St. Martin's; St. Kitt's; New Providence). 

Serranus oatus Cav. dc. VaLy II, 373, 1828 (Martinique) ; Guichenot, Ramon de la Sagra, Cnba, II, 13, 
1850. 

Serranus maeuUUuB var. oalus Peters, Berliner Monatsber., 1865, 110 (Martiniqne ; Barbadoes, Puerto 
Cubello). 

Serranus arara Cnv. & VaL, II, 1828, 377 (Havana; erroneously identified with Bonaci arard Parra) ; 
Poey, Repertorio, I, 200, 

Serranus maculatus Giinther, I, 1859, 130 (West Indies; not Peroa maculata Bloch); Vaillant & Bo- 
court, Mission &i;ientifique au Mexique, IV, 1875, 83 (Jamaica). 

Epinephelus oubanus Poey, Repert. Fi8.-Nat. Cnba, I, 1867, 202 (Cuba) ; Poey, Syn. Pise. Cub., 1868, 
287; Poey, Ennmeratio Pise. Cub., 1875, 17. 

Serranus maculatus var. oubanus Peters, Berliner Monatsber., 1865, 110 (Cnba). 

Habitat. — West Indies ; Florida Keys ; Bermndas; Brazil. 
Etymology. — Low Latin^ cattiSy a cat; from Latin oatus j sly, wary. 

We here reject the name apua formerly used by us for this species, the original 
Bodianus apua of Bloch being in our opinion based on the red variety of Mycteroperca 
venenosa. The name guttatus L. is based chiefly on the Gngapaguacu of Marcgrave, 
with which Catesby had erroneously identified his '^Hind," which is the present spe- 
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cies. The oldest tenable name of this fish, so far as we can see, is certainly Epineph- 
elus catus. Willoughby 's ** Gugapaguacu " is certainly identical with Marcgrave's, both 
as to figure and description. 

In the maseam at Cambridge are specimens from Charleston, Tortngas^ Nassaa, 
St. Thomas, Gonaives, Hayti, and St. Croix. 

24. EPINEPHELUS DRUMMOND-HATI. 
(Speckled Hind; John Paw.) 

Epinephelus drummond-hayi Gk)ode & Bean, Proc. U. S. Nat. Mas., 173, 174, 1878 (Pensaoola; Bermuda) ; 
Goode & Beau, op. ct<., 115, 139, 1879; Jordan <& Gilbert, op, oit, 272, 1882; Jordan & Gilbert, 
Synopsis Fish. N. Am., .340, lh83; Jordan d^ Swain, Z. o., 388 (Pensacola); Jordan &, Eigenmann, 
Proc. U. S. Nat. Mas. 1887, 269 (Charleston). 

Habitat — Bermudas ; South Atlantic and Oalf coast of the United States. 

Etymology. — Named for *<Col. H. M. Drummond Hay, C. M. Z. S., of Leggieden, 
Perth, Scotland, formerly of the British army, by whom the species was first discov- 
ered at the Bermudas in 1854." 

We have lately received a specimen of this beautiful si>ecies from Charleston. 

25. EPINEPHELUS LABRIFORMIS. 

Serranus lahriformis Jenyns, Zool. of Beagle, Fishes, 8, pi. 3, 1840;* Gttnther, Cat. Fishes Brit. Mas., 
I, 152, 1859 (Galapagos Islands), Jordan & Swain, I, o., 1884, 387 (copied) ; Jordan &, BoUman, 
Proc. U. S. Nat. Mus. 1889, 180 (Charles Island and Indefatigable Island, Galapagos). 

Epinephelu8 sellicauda Gill, Proc. Ac. Nat. Sci. Pbila., 250, 1862 (Cape San Lucas) ; Jordan &. Gilbert. 
Proc. U. 8. Nat. Mus., 229, 1881 (Socorro Island); Jordan & Gilbert, op. dt, 360, 1882 (Cape 
San Lncas) ; Jordan & Gilbert, op. cit.f 371, 1882 (Colima) ; Jordan & Gilbert, op. cit., 625, 
1882 (Panama); Jordan <& Gilbert, Bull. U. S. Fish Comm., 107, 1882 (Mazatlan); Jordan 
& Swain, Z. o., 385 (Socorro Island ; Mazatlan, Colima, Panama, Cape San Lucas). 

Epinephelua ordinatus Cope, Trans. Am. Phil. So ., 466, 1871 (Panama). 

Habitat. — Pacific coast of tropical America ; Cape San Lucas to Galapagos Islands. 
Etymology — Lahrus, a genus of Wrasse fishes; forma, form. 

This species is abundant in the Galapagos Islands, from which locality many 
specimens have been brought to the museum at Cambridge. Although neither Jenyns 
nor Darwin have noted the saddle-like dark blotch on the tail in the species called by 
Jenyns lahriformis, there seems to be little doubt of the identity of lahriformis and 
sellicauda. This identification has been already suggested by Dr. Steindachner on 
the labels in the museum at Cambridge. 

Specimens are in the museum at Cambridge from Acapulco, and from Albemarle 
Island, in the Galapagos. 

26. EPINEPHELUS STRIATUS. 
(Nassau Grouper; Hamlet; Cherna Criolla.) 

Chema Parra, Piezas de Hist. Nat. Cuba, 1787. 50, lam. xxiv (Cuba). 

Anthias atriatus Bloch, Icbth., IX, 109, tab. 324, 1792 (ou a figure by Plumier); Bloch «fc Schneider, 
Syst. Ichthyol., 1801,305 (copied). 

Lutjanus striatus Lac^piMe, Hist. Nat. Poiss., IV, 324, 1803 (copied). 

Serranus stHatua Cuv. & Val., ii, 1«28, 288 (Gulf of Mexico); Storer, Syn. Fish, N. A., 1846, 27 
(copied) ; Guichenot, Ramon de la Sagra's Hist. Cuba, Poiss., 1H50, 12 (Cuba) ; Giinthor, 1, 1859, 
110 (Cuba; Mexico; Puerto Cabello; Bjiliia) ; Poey, Repertorio, I, 198, IST)? ; Vaillaut & Bo- 
court, Mission Scieutifiquo au Mexiqiie, IHTo-'Tl) (Cuba ; San Doniiugo; Martiuiijue; Jamaica). 



* Not 1842j as usually quoted. This work was issued iu parts bearing dat<> "f 184^. 184 1 and 1842. 
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Epin^helus striatuB Gill, Proo. Ac. Nat. Soi. Phila., 1865, 105 (name only) ; Poey, Reperlorio, 11, 285, 1808 
(Havana); Poey. Syn. Piso. Cab., 1868, 310 ; Poey, Eaam. Pise. Cub., 1875,15; Goode, Ball. U. 
S. Nat. Mns.. V, 1876,57(Bermada8); Cope, Trans. Am. Phil. Soc., 1871,466 (New Proyidenoe; 
St. Croix) ; Bean, Proc. U. S. Nat. Mus., 1880, 99 (Bermnda) ; Poey, Anales Hist. Nat., 319, 1881 
(Puerto Rico) ; Jonlan & Gilbert, Syn. Fish. N. A., 1883, 918; Poey, Bull. U. S. Fish Comm., 
1882, 118 ; Jordan, Proc. U. S. Nat. Mus., 1884, 125 (Key West) ; Jordan & Swain, I. o., 384 
(Key West ; Havana). 

Anikiaa ohema Bloch & Schneider, Syst. Ichth., l^ijOl, 310 (after Parra). 

Sparus chryaomrlanurwi Lac^pMe, IV, 1H03, 160 (on a copy of Plumier's figure). 

Habitat — West Indian faana, Key West to Brazil. 
Etymology. — Striatus^ striped. 

Specimens of this species are in the museam at Cambridge from Santo Tomas and 
from Cartagena, besides varioas more northern localities. 

27. EPINEPHELUS NIVBATUS. 

Serranus niveatus Cnv. &. Val.,!!, 1828, 380 (Brazil); Castelnan, Anim. nouv. on rares de PAm^r. du 
Sud, Poiss., pi. i, f. 2 (coast of Brazil) ; GUnther, 1, 130 (copied) ; Poey, Repertorio, 1, 202. 

EpinepheluB niveatus Poey, Synopsis Pise. Cubens., 1868, 286 (Havana); Poey. Euum. Pise. Cubens., 
1875, 15; Jordan & Gilbert, Syn. Fish. N. A., 1883,541 ; Jordan & Swain, I. o., 386 (Havana). 

Serranus margariiifer GUnther, Cat. Fish. Brit. Mus., 1, 1859, 131 (Sonth America). 

Strramia consperaua Poey, Memorias Cuba, II, 139, 1860 (Havana) ; Poey, Report., II, 157, 1868. 

Hifporthodua flavicauda Gill, Proc. Ac. Nat. Sci. Phila.,1861, 98 (yonn){ specimen, taken at Newport, 
R. I.); Cope, Proc. Ac. Nat. Sci. Phila., 1870, 119 (same specimen). 

Habitat, — West Indies to Brazil, occasionally northward in the Gnlf Stream. 
Etymology. — NiveatuSj snowy. 

Specimens of this species are in the museum at Cambridge from Cuba and from 
Bio Janeiro. Some of the Cuban specimens laclc the saddle like blotch on the tail, 
but in all the pearly spots on the side are persistent 



28. BPINEPHELUS FLAVOLIMBATUS. 

f 

(Ykllow-finned Grouper.) 

ii.;pinepAeZuj» /faroHm&a^iM Poey, Repertorio, 1, 18.i, 1867 (Cuba); Poey, Synopsis, 1868, 286 ; Poey, Enain., 
1875, 1.5; Jordan <& Evermann, Proc. U. S. Nat. Mus., 1886,475 (Pensacola). 

Habitat. — West Indian fauna, north to Pensacola. 
Etymology. — Flavus, yellow ; limbusj edge. 

Since the paper by Jordan & Swain was published, three specimens of this 
species have been obtained at Pensacola by Mr. Stearns. These difl'er a little from 
Poey's account, but they evidently belong to the same species as the E. flavolimbatus 
of Poey. In all details of form the species seems to agree fully with E. niveatus j but 
the coloration is quite unlike that of the latter species, and so sharply defined that we 
have not much hesitation in admitting it as a distinct species. The coloration is 
described in detail by Jordan & Evermann in the paper above quoted. 
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29. BPIREPHELnS ASPERSUa 

Serranui a«p<rtiw JeiiTiis, Yojmg^ Beagle, Fiahei, 1842, 6 (Porto Praya, St. Jago in the Cape Verde 
Islands). 

Habitat — Cape Verde Islands, 
Etymologjf. — AipemUy speckled. 

This species is known firom Dr. Jenyns's accoant of a young example taken at 
Porto Pn^ya, No one has since recognized the species. Jenyns's account agrees in 
many respects with E. Jlavolimbatus^ and his species may prove to be the youn^ of 
the latter. 

30. SPINZSPHELnS OOREBNSI8, 

Smnnm^ pirf0m$i$ CvLT. & Val. VI, 511, 1830 (Gorea); Jenyns, Voyage of the Beagle, Fishes, 1840, 5 
(Si. Jago; Porto Praya; Cape Verde Islands) ; Gtinther 1, 133 (copied); Steindachner, Beitrage 
iur Keuntniss der Fisohe Afrika's, 6, 1881, with plate (Qorea ; Bufisqae ; Canary Islands). 

HoM^at— Coast of Afirica and islands in the eastern Atlantic. 
Mttjimotog^^^-^OoreenMiSj from the island of Gorea, where the species was discovered. 

This species is known to us from descriptions and from Dr. Steindachner's excel- 
lent fl|rure« It seems to be nearly allied to Epinepheltis gigaa and to E. ameus. 

31. EPINEPHELUS CHRTSOT2INIA. 

OnNi cAryM»l<vaia Doilerlein, Ri vista delle specie del Gtonere Epinephelua o Cema, 41, plate ii, f . 4, 
lew (INUtvrmo). 

iiaft jlal«— Mediterranean Sea. 
Kt^mi>li>(^^^^Xf>viT6Sj gold ; raivlaj band. 

TUtu s}H>cles is known from Professor Doderlein's description only. 

32. EPINEPHELUS CANINUS. 

^Vl>l'«^Mu« MaHiMM'i VuWitcieuues, Webb & Berthelot, Ichtb. ties Canaries, 40, 1836 (Canaries). 

(ViMu s>aM«NM IKuUMUnii, Kivista, Epinephelns, 1882, 26, tav. 1, f. 2 (full description and synonymy). 

A'v'«MMMa vHiH4uMt)« i'apoUo, Catal. Peix. Portng. Part III, 156 et Part III, 244, estamp. ly, f. 1, 1867 

//a^^^il.— Meditt^rraueau Sea; Atlantic coasts of southern Europe and northern 

Ktam^h^^s — VaniHUS^ canine. 

ihu' kiiiiw lodge of this species is chiefly drawn from Professor Doderlein's 
•* Uivi**l»*," quoted above. 

33. EPINEPHELUS ALEXANDRXNUS. 

f v^'^' «viiVMya lUtUtt^tiquo, Carutteri de Alcuni nuovi Genere, etc., 1810, 50 (Palermo). 

.^<4UMu* u^.MMt<»4Mu« i'uv. iV Val., Hist. Nat. Poiss., II, 281, ltf29 (Alexandria, Egypt). 

k'i^s^ti^^ituiu* /u«i4afM« (*oMta, Fauna del Regno di Napoli, Pesci, m44, tav. vi, f. 1, 2, 5 (not Holooentrus 

/«i»<MUa hluoh) (Naples). 
.Viiuuu4 vv»^i huuudaohut^r, Icbth. Beitriigo, VI, 11, 1878 (Mediterranean). 
\ v4M^« n»»^i wK ( Wmu a/t<.ia«</HwaDoderlein, Rivistadi Epinephelua o Cerna, 1882, 47, et seq. tav. iii, f. 7. 

^/a^4^4^ MiHlitoiTaneau Sea. 

IC^(^iH\»ls^yj^ -AlfiJMndrinuSy from Alexandria, Egypt, where the species was first found. 
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We have drawn oar knowledge of this species chiefly from the account given by 
Professor Do<lerlein. If we can place any dependence whatever on Bafiuesque's de- 
scriptions, his Sparus scirenga is more likely to be this species than Mycteroperoa 
rubra or any other of the Serrauoid fishes which are fonnd in the waters of Sicily. 
The character of yellowish longitudinal stripes along the flanks and of caudal fin 
entire seem to point to this species rather than to any other. The following is 
Bafiuesque's account: 

"136. Sp. Sparus Scirenga, — Olivastro, alcune linee longitudinal! giallastre at lati de la testa e del 
fianchi, opercolo angolato saperiormente, linea laterale curva, coda iguale intiera, Oas, II sao nomine 
volgare h V isteseo che il suospeoitico, e gli ^ comane oon nn pesce molto diverso il NotognidioH aoirenga; 
hh il rauBo appnntato, 1' iride roesa indorata, ed an solo raggio spinoso alP anale ; la sna carne non h 
disprezzevole e ginnge alia Itmghezza di doe piedi ; non sono certo se appartiene effetivamente a qaesto 
genere e dnbbito ohe abbia molto afflnitl^ col genere LuHanu$," 

34. BPINHPHBLUS iBNSITS. 

Serranua (Bneu$ Isidore Oeoffroy Saint-Hilaire, "Poissons de Ffigypte ed. Panckoncke, 208, 1809 ** 
(Egypt). 

Cema amea Doderlein, Rivista delle specie del Genere Epinephelu$ o Cema^ 1882, 34, lav. ii, £ 3 (with 

fnll description and synonymy). 

^o&ito^.— Mediterranean Sea. 
Etymology. — ^neu8^ brassy. 

We have not studied this species, and we draw our, acconnt of it from the paper of 
Professor Doderlein. 

35, BPINEPHELUS GIGAS. 

(Mbrou.) 

ILdbruaguaza Linnaeus, Syst. Nat., ed. X, 285, 1758 (" Habitat in Pelago,'' may be E. nigrihu). 

Perca gigas Briinnich, Icbthyol. Massiliensis, 65, No. 81, 1768 (MarseiUes). 

Holocentrua gigas Bloch &, Scbneider, Syst. Icbtb., 1801, 322 (copied). 

Serranus gigaaQxxw, <& Val., II, 270, pi. xxxii, 1828; GUntber, I, 132, 1859 (Madeira ; Cape of Gk>od 
Hope); Steindaebner, lobtb. Bericbte, IV, 11, 1867 (excl. syn. pars; Barcelona; Tangier; 
Lisbon; Teueriffe); Steindaebner, Icbtb. Beitr., XII, 6, 1882 (comparison witb Epinephelus 
caninus) ; Steindaebner, Icbtb. Beitr., 1876, V , 127 (Canary Is. ; Madeira ; Cape Verde ; Cape 
of Good Hope ; Brazil) ; Day, Britisb Fisbes, 16, pi. v. (sootb coast of England) and of 
European antbors generally. 

Cema gigas Doderlein, Ri vista del Gtonere Epinephelus o Cema, 1882, 10, tab. 1, f. 1. (detailed descrip- 
tion and synonymy). 

Epinephelus gigas Jordan &, Swain. Proc. U. S. Nat. Mns., 1884, 38S (copied). 

Holocentrus merou Lac6p6de, Hist. Nat. Poiss.,iy, 377, 1803 (after Brlinnicb). 

Serranus mentzeli Cuv. <& Val., II, 291, 1828 (coast of Brazil) ; GUntber, I, 140, 1859 (copied). 

Serranus dichropterus Qpv. Sl Val., II, 293, 1828 (Brazil ; not type, wbicb was from Japan, baving been 
also tbe type of Holocentrua ongus Blocb). 

Perca rohusta Coucb, ** Mag. Nat. Hist., 1832, V, 21, f. 7 " (Polperro). 

Serranus marginaius Lowe, "Proc. Zool. Soc. Lond., 1833, 142" (Madeira). 

Serranus fimbriatus Lowe, *• Trans. Cambr. Pbil. Soc, 1836, 195, pL i" (Madeira). 

Serranus ongus GUntber, 1, 1859, 142 (Babia ; not Epinephelus ongus Blocb, a Japanese fish). 

Epinephelus brachgsomus Cope, Trans. Am. Pbil. Soc. Pbila., 1871, 466 (Rio Janeiro). 

Habitat — Eastern Atlantic ; Mediterranean ; coast of BraziL 
Etymology. — Qigas^ giant. 
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We have compared Brazilian specimens {Hpinephelus mentzeli) with the descriptions 
of this species given by Professor Doderlein and by Dr. Day, We can find no diflfer- 
ence whatever, and we agree with Dr. Steindachner in regarding the two as identical. 

The following description is taken from No. 4506, M. C. Z., 15 inches long, collected 
at Bio de Janeiro by Professor Agassiz : 

Head, 2J in length 5 depth, 2f. D. XI, 15, A. Ill, 8; scales 17-85 to 90-x. Body 
rather deep; profile steep; snout short, rather pointed; lower jaw little projecting; 
canines small ; preopercle without salient angle, the teeth just above the angle large 
and strong; lower limb of preopercle entire. Gill rakers very short, x + 15. Interor- 
bital space narrow, not as wide as eye, which is 5f in head; maxillary 2| in head. 
Third dorsal spine highest, 2| in head. Anal high and rounded, its second spine 5 in 
head ; caudal rounded. 

Color, in spirits, dark brown, with rather faint round whitish spots which are ir- 
regular and arransced somewhat in vertical rows, and most distinct on caudal pedun- 
cle. Dorsal, anal, caudal, and pectorals broadly edged with black. Other specimens 
from Bio de Janeiro and Santos belong to the same species. There is not much doubt 
that Epinephelus brachysomus Cope, and the Brazilian specimens referred by Gnvier 
and Valenciennes to Epinephelus dichropterus belong to this form. 

The Labru8 gtmza LinnsBus is some species of Epinephelus^ with the caudal rounded, 
the color dusky, and the dorsal rays XI, 16. Ouasa is the Spanish name in the West 
Indies for Promicrops guttatus and other large Serranoids. 

The following key to the Mediterranean species of Epinephelus is translated from 
that given by Yinciguerra (Bisultate Ittiologici del Violante, 1883, 33): 

a. Upper jaw naked ; caudal ronnded. 

h. Opercle without oblique lines Gigas. 

hb, Opercle with obliqae lines -fiNKUS. 

aa. Upper jaw with small scales ; caudal truncate or concave. 

0. Dorsal with 13 or 14 soft rays Canixus. 

CO. Dorsal with 16 soft rays Alexandrinus. 

36. EPINEPHELUS MTSTACINUS. 

(ClIEKNA DE LE ALTO.) 

Serranua mystacinus Poey, Memorias Cuba, I, 52, 1851, tab. 10, f. 1 (Cuba); Glinther, I, 109, 1859 

(South America). 
Schiatorm mystacinus Poey, Repertorio, II, 154,1868; Poey, Synopsis Pise. Cubens., 1868, 287; Poey 

Enumeratio Pise. Cubens., 1875, 18. 
Epinephelus mystaoinus Jordau & Swain, I. c, 383 (Havana). 

Habitat. — West Indian fauna. 
Etymology. — iibtrra^^ moustache. 

This rather scarce species has been well described by Jordan & Swain. 
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name ^' Oarrupa " ( =Grouper), a name widely used in America for the larger Serranoid 
fishes. 

The following notes are taken from the skull of a small example (about 18 inches 
long) from the beach of the Grand Lagoon at Pensaoola : 

COMPARISON OF THE 8KULL OF BPINBPHELUS NIGRITUS WITH THAT OF E. MORIO. 

In E. fMHo the sknll is narrow and the upper surface rugose, the interorbital area is deeply oonoave, 
and the median crest, though low, is quite prominent; the occipital orest is sharp and drawn out so 
that it gradually merges into the interorbital ridge ; the outline of the sknll immediately behind the 
orbit is convex ; the top of the temporal crest points inward to the occipital crest ; the stay of the 
occipital crest forms a groove with the posterior part of the crest. 

In E, nigrituB the skull is very broad and flat, the interorbital area is little concave, and the median 
ridge is scarcely evident ; the occipital crest disappears before reaching the interorbital region ; the out- 
line of the skull above is everywhere more or less flattened ; the top of the temporal crest points out- 
ward ; the stay of the occipital crest meets the crest at right angles and does not form a groove with it. 

39. EPINEPHELUS MERUS. 

(Mbro db lo Alto.) 

Centropristis merus Poey, Synopsis Piscuim Cubensium, 288, 1868 (Cuba). 

Cema sicana Doderlein, Rivista delle Specie del Genere Epinephelua o Cenuif 1882, 81 (Palermo). 

HMtat — West Indian fauna, taken off Cuba, Sicily, and Brazil. 
Etymology. — Merusj from m^rou^ the French name of EpiriephehM gigasj derived 
from Latin morrhua^ cod-fish. 

The brief description given by Poey of his Centropristis merus agrees with Epinephe^ 
lus nigritus in all respects except the presence of but ten dorsal spines. The same may 
be said of the description given by Doderlein of a large Epinephelus recently taken in 
the waters about Palermo, to which he has hesitatingly given the name of Serranus 
or Cerria sicana,* 

I find in the Museum of Comparative Zoology two specimens (9737, 9788), each 
about 15 inches long, collected by Professor Agassiz at Eio de Janeiro, and a smaller 
one from Kio Grande do Sul. These specimens much resemble the Epinephelus 
nigritus ; but all three agree in having, like the types of merus and sicanuSy but ten dor- 
sal spines, and, as in these species, the second dorsal spine is much elevated. There 
seems to be little room for doubt that all these specimens belong to one species, 
hitherto imperfectly known. This species should then retain the oldest specific name 
Epinephelus merus. 

The following description is taken from 9737, M. C. Z. : 

Body very deep and short, deeper and more compressed than in any other of our 
species of Epinephelus, Head large and blunt, the anterior profile regularly convex ; 
interorbital area broad, as in E. nigritus j rather convex; eye small ; mouth very large, 
the lower jaw projecting; supplementary maxillary small. Teeth, as usual in Epine- 
pheluSy in very broad bands ; three or four very small canines in front of each jaw; no 

*NoTE. — ^ questiono d' altroudo se i suddetti caratteri possouo dar luogo ad istituire una specie 
noveUa, o se sicno effetto di una semplice anomalia di forma delle preacennate due specie (caninu9, 
cemiaides). lo uon oso pronunciarmi in proposito; ed uuicamente in via provvisoria e per indicame 
la specialitii, mi faccio coraggio di denominarla Serranus o Cema aioanaf in aliusione al Inogo ove fu 
presa." 



REVIEW OF THE SERRANIDiE 363 

lateral canines. Nostrils round, near together, the posterior largest. Preopercle 
without salient angle, but rather coarsely serrate ; two or three very coarse, irregular 
teeth just below angle, these turned downward much as in Epinephelus my8t€icinu8. 
Opercular spine moderate. 

Gill-rakers very short and thick, x + 12, the longest not twice as high as broad 
and all very coarsely toothed ; preorbital moderate, nearly as broad as the small eye. 

Scales moderate, not very rough ; dorsal fin rather deeply notched, the second 
spine highest, nearly three times the height of the first, but little higher than the 
third ; soft dorsal high ; caudal rounded ; anal fin high, rounded, the spines moder- 
ate, graduated ; pectorals short. 

Color, in spirits, plain dark brown; fins all darker; a dark mustache along the 
edge of the maxillary. In the youog specimen the caudal fin is abruptly paler. Head 
2} in length of body ; depth 2|. D. X, 14 ; A. Ill, 9. Scales 86 (series). Second 
dorsal spine 2^ in head; second anal spine 6. Pectoral 1^; maxillary 2; eye 7; snout, 
3§; interorbital area, 4^; soft dorsal rays 2§ in head. 

Since writing the above we have examined a specimen of Epinephelus nigritus from 
Pensacola which possesses but ten dorsal spines. We are unable to distinguish it 
from JS. merus. If the number of dorsal spines prove to be constantly ten in Brazilian 
or European specimens this character may distinguish H. merus or sioanus as a distinct 
species or subspecies. It would appear that the number eleven is not constant in 
northern specimens, as one of about ten examined has ten spines. 

Genus X.— PBOMIOROPS. 

Promicrops (Gill MSS.) Poey, Synopsis Piscium Caben8iaiD,287, 1868 (guasa), 
Itaiara Vaillant & Bocourt, Mission Scientifique an Mexiqne, 1875, 90 (itaiara). 

TTPE.-^Serranu8 guasa Poey = Perca guttata Linnaeus. 

Mymology.^Ilpoj before; /juxp^^j small; dt(p^ eye, in allusion to the shortness of 
the anterior part of the cranium. 

A full account of the single known species of this genus is given by Jordan and 
Swain in the paper already quoted. 

ANALYSIS OF SPECIES OP PROMICROPS. 

a. Color olivaceous with darker cross-shades, which fade with age ; head and body with round black 
spots; second anal spine as long as third; profile slightly concave above eye; interorbital 
area flattish, very broad, its width 5 in head ; canine teeth very small ; dorsal spines low and 
strong ; the third, fourth, and fifth subequal, about 4 in head ; scales moderate (about 95), 

GUTTATUS, 40. 
40. PROMICROPS aUTTATUS. 

(Guasa; Jew-fish; Mbrou; Jacob Eve rtzen.) 

Cugupugwicu Marcgrave, Hist. Brazil, etc., 1648, 169 (Brazil) ; Willonghby, Hist. Pise., 1686,303, with 

plate (after Marcgrave). 
[taiara Marcgrave, Hist. Brazil, etc., 1648 (Brazil). 

Perca guttata Linnseus, Syst. Nat., 1758, X, 292 (after Marcgrave, Willonghby, etc., excl. syn. Catesby). 
Serranus itaiara Lichtenstein, Acta Berolic, I8i0-^1, 278 (Brazil) ; Cuvier and Valenciennes, II, 1828, 376 

(Brazil) ; Peters, Berliner Monatsber., 1865, 110 (identificatiop with S, galeus M. &. H.) ; Stein- 

dachner, Ichth. Beitr., V, 127, 1876. 
Serranua {Itaiara) itoiara Vaillant and Boconrt, Miss. Sci. au Mexiqne., 1875,90, pi. ii,f. 4 (identifica- 

tion with 8. guinqutfa9oiatu8 (Brazil ; Tatiesco ; Mexico). 
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Epinephehis itaiara Jordan, Proc. U. S. Nat. Mas., 1884, 124 (Key West). 

Promicropsitaiara Jordan and Swain, op. oiL, 1884, 877 (Key West ; Havana ; Mazatlan ; Panama; Panta 

Arenas). 
Serrantis galena MiiUer and Troschel, Sohomburgk's Reise in Brit. Gniana, 621, about 1842 ; Gttnther, I, 

1859, 130 (Brazil). 
Epinephelus galeus Jordan. Proo. Ac. Nat. Sci. Phila., 1883, 285 (identification of type of Serranua gaiety). 
Serranus guasa Poey. Memorias Cuba, II, 1860, 141, 354, tab. 13, f. 8 (Cuba). 
Promioraps guasa Poey, Rep., II, 154, 1867; Poey, Synopsis Pise. Cub., 287, 186b; Poey, Ennm. Pise. 

Cubens., 1875, 18 ; Poey, Bull. U. S. Fish Coram., 1882, 118 (Key West) ; Jordan and Gilbert, 8yn. 

Fishes N. A., 1883, 542 (copied) ; Gill, Rep. U. S. Fish Comm., 1871-72, 806 (name only). 
Epinephelus guasa Goode and Bean, Proo. U. S. Nat. Mus., 1882, 238 (name only). 
Serranus quinquefasciatus Bocourt, Ann. Sci. Nat., 1868,223 (Nagualate, Pacific coast of Guatemala). 
Epinephelus quinqwfasoiatus Jordau and Gilbert, Bull. U. S. Fish Coram., 1882, 106, 110, Hi (Mazatlan ; 

Panama; Punta Arenas; no descr.). 

Habitat — Both coasts of tropical America north to Florida and Galf of California, 
sonth to Brazil. 

Etymology. — Outtatus^ spotted. 

We have adopted the specific name guttatus for this species, because we feel sare 
that it is the real type of the Liunseau Perca guttuta. In the paper of Jordan and Swain 
it is supposed that the Cugupuguacu of Willougbby may be the Bodianus crventatus^ 
and that the latter species is concerued with Epinephelus catus in forming the Linnsean 
type. We have since examined Willoughby's work. His description is a copy of 
Marcgrave's, and his fifi:ure represents the Promicrops which is the sabject of Marc- 
grave's description, and nothing else. 

Linnseus's Perca guttata is based, then, on Marcgrave's fish, and on the reprints of 
Marcgrave's description given by Willoughby, Ray, and Sloane, and on the Hind of 
Gatesby (Epinephelus catu^s)^ which both Oatesby and Linuaeas wrongly supposed to be 
Marcgrave's species. The name guttatus can not go with the Bodianus, because that 
species was not known to any of the writers before LincsBus. It must go with 
Marcgrave's Cugupuguacu, which is the base of all the pre-Linnaean descriptions except 
that of Catesby. From Catesby's figure Linnaeus must have taken the phrase in his 
diagnosis "corpore punctis sanguineis adsperso." Otherwise the Perca guttata rests 
entirely on Marcgrave's " Cugupuguacu," which is unquestionably our Promicrops. 

The three species of which the synonymy has been thus entangled should, in our 
opinion, stand as Ejpinephelu^ catus^ Promicrops guttatus j and Bodianus crusntatus. 

Specimens of this huge Serranoid are in the Museum at Cambridge from Kio de 
Janeiro, Bahia, Pernambuco, and Cannarivieras. 

Genus XL— MYCTEROPERCA. 

Mycteroperca Gill, Proc. Ac. Nat. Sci. Phil., 80, 1863 {olfac). 
Triostropis Gill, Proc. Ac. Nat. Sci. Phil.. 104, 1805 {guttatus =veneno8us), 
Parepinephelus Bleeker, Systenia Percaruiii Revisum, 257, 1875 {a^utirostris). 

Type. — Serranus olfax Jenyns. 
Etymology. — Muxttjo, nostril ; 7:if>xr^, perch. 

A few changes are made in the arrangement of the species of this genus as given 
by Jordan and Swain. Tbive species, M. olj'ax^ M. calliura^ andili. dimidiata^ have 
been examined by us, and can be more correctly defined than was possible when the 
former paper was written. Two new spi^cies, .1/. xenarcha and M. jordani^ have been 
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added to the groap, while another, M. reticulata^ has been eliminated, this species being 
identical with M, tigris. The name rubra takes the place of scirenga^ and that of apua 
sapersedes guttata for the red variety of M. venenosa. We have foand it convenient 
to divide the group on the character of the nostrils, a basis of division more natural 
than that adopted in our former paper. 

Professor Peters (Berliner Mouatsberichte, 1865, 107) give« a detailed account of 
the specimen which was the original type of Epinephelus ruber. This Epinephelus 
ruber is a Mycteroperca^ as is shown by the number of fin rays (D. XI, 16; A. HI, 11), 
by the projecting lower jaw, the pointed snout, and by the general resemblance in 
form of body, fins, head, and teeth which the species is said to show to Mycteroperea 
acutirostris. As elsewhere stated, there is little doubt of the identity of ruber and 
a>cutiro8tri8. 

ANALYSIS OF SPECIES OF MYCTEROPERCA. 

a. Nostrils very close together, the posterior decidedly larger than the anterior {Mycteroperca), 
h. Second dorsal spine highest, its length more than one-thinl that of head; third spine scarcely. 

shorter; caudal slightly lunate; canine teeth moderate;, angle of preopercle 
not salient ; anal fin angnlate^l, its longest rays about 2^ in head, its poste- 
rior margin concave; gill-rakers coarse and long, x •{- 15; scales small 
(13-20-x). Color brown, with grayish reticulations around brown spots; 
fins dusky edged ; spwimens fh)m deep water (var. ruherrima) chiefly red. 

Olfax, 41. 
65. Second dorsal spine low, shorter than third, the thinl and fourth highest, 
c. Margin of anal fin posteriorly concave, itM middle ray» much exserted. 
d. Outer rays of caudal scarcely prt>dui'*Hl. not t wothinls length of head ; canine teeth moderate ; 

angle of pre4>perclo little salient ; scales small (lat. 1. about 130) ; color ' 
plain red ; vertical fins without black edgings; gill-rakers long, x -f 17. 

Rosacea, \^i, 
dd. Outer rays of caudal much prtHlucoil, more than two-thirds length of head ; preopercle 

with .salient angle; canine teeth strong; scales small (lat. 1. 140); giU-rakers 
about 4 -f *-*'^- l^dor bn>wnish with small darker spots; vertical fins broadly 

cdj;ed with blackinh Falcata, 43. 

J. Upper canint's directed strongly forward, the lower backward ; coloration obscure. 

▼ar. falcata 

XX. Upper canines nearly vertical; coloration paler and brighter Y&r. phenax. 

cc. Marjijin of anal tin not concave posteriorly, the outline of the fin rounded or slightly angular. 
e. Gill-rakers rather few. x -f I'^^l body without dark cross-bars, covered with grayish reticula- 
tions art)uud small brown spots, these not evident on head ; anal fin rounded; 
preopercle with a salient angle ; caudal deeply lunate; scales moderate (lat. 

I.IK) to 100) form rather robust; anal fin not angulate Calucra, 44. 

ce. Gill-rakers very few, short, and thick, about x -j- 6; body with light and dark cross-bars, 

these often becoming obsolete with age; head nsnally with distinct reticu- 
lations around yellowish spots; anal fin with angnlar margin, snbtruncate 
posteriorly; preopercle without salient angle; scales rather small (lat. 1. 

13:^); form rather robust Tigris, 45. 

X. Ground color dark olive var. tigri$, 

XX, Ground color bright red var. camelopardalis. 

aa. Nostrils small, subequal, well separated. 

c. Gill-rakers in moderate or small numbers, from 8 lo 18 on lower part of anterior arch (TrisotropU 

Gill). 
d. Anal fin not angnlated, its outline more or le^^s evenly rounded ; soft part« of vertical fins 

edged with black in life. 
e. An;;le of preopercle not salient, its teeth scarcely enlarged ; gill-rakers x -j- 8 to 10. 
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/. Gill-rakers very few and short, x + 8 developed (besides some radiments) General color 

pale, bright red, or grayish, with roundish spots or blotches of black or 
red darker than the ground color ; the blacker blotches along middle of sides 
much larger and quadrate in the young ; red always present somewhere in life 
(fading in spirits) ; pectorals blackish, in the adult broadly tipped with 
orange-yellow ; scales rather small (about 125) ; caudal lunate. 

' Venenosa, 46. 

y. General color gray, with red and black markings var. venenoaa, 

yy. General color scarlet, with red and black markings Var. apua, 

ff. Gill-rakers rather slender, about x-flO (besides several rudiments) ; caudal snbtruncate; 

nostrils small. * 

g. Scales not very small (about 110)) ; color dark olive-green, sides of head and 
body with rivulations of nark bluish around roundish dark bronze spots, 
large or small (these markings subject to considerable variation, fading in 

spirits) ; sides with darker quadrate areas Bonaci, 47. 

z. Dark blotches on body rather large, often quadrate var. honad, 

zz. Dark spots on body very small, close set of a deep bronze-orange. 

var. xanihosticta* 

gg. Scales very small ( 30 to 140); angle of preopercle not salient, but the teeth at 

the angle somewhat larger ; general form, appearance, and color of E. bonaci. 

Color olive-green ; head with numerous dark green streaks radiating from 

eye; a dark mustache along maxillary; body with small, irregular, dark, 

quadrate blotches ; fins, except pectorals, mostly dusky Jokda^i, 48. 

ee. Angle of preopercle more or less salient, its teeth somewhat enlarged ; gill-rakers more 

numerous, x -f- 12 to 14. 
h. Scales very small (about 140); caudal peduncle Without black spot; interorbital area 
scarcely concave; cheeks without distinct dusky stripes; commissure with- 
out yellow ; caudal distinctly lunate ; gill-rakers few, about 12 on lower part 

of anterior arch Micro lepis, 49. 

hh. Scales rather small (about 120) ; interorbital area chan neled ; angle of preopercle little 
salient; body slender; caudal little concave; sides with small, faint spots of 

darker; commissure with yellow-green Intekstitialis, 50. 

ggg. Scales not very small (about llO); upper part of body dark brown, the lower 
half abmptly paler; a pale ring around caudal peduncle, behind which is a 
squarish dark blotch, smaller than eye, at base of upper rays of caudal; 

caudal deeply lunate; teeth strong Dimidiata, 51. 

dd. Anal fin angulated, its middle rays much exserted, its posterior margin concave ; body rather 

robust; scales moderate (about 110); caudal fin snbtruncate; gill-rakers 
about x-j- 18; angleof preopercle slightly salient, with coarser teeth ; seventh 
ray of anal nearly half head ; tenth ray of dorsal somewhat produced; color 
nearly plain dark olivaceous, the edges of the tins scarcely darker. 

Xexarcha, 52. 
00. Gill- rakers very long and slender, in greatly increased number (x -j- 25 to 35). ( Parepinephtlus 

Bleeker.) 
h. Caudal fin lunate, its angles more or less produced in the adult, the fin subtruncatein 
the young; anal fin more or less angulate in the adnlt, rounded in the 
young; soft dorsal somewhat angular; scales rather large (lat. 1., 95); body 
rather deep, the snout sharp ; preopercle with a salient angle which is armed 
with larger teeth ; dorsal spines low ; gill-rakers close set, x -}- 30, the longest 
7^ in head; ventrals not reaching to vent; color olive-gray with darker 
reticulations aronnd pale sj)ots; fins not much darker on their edges; a 
dark mustache along the maxillary ; adult examples nearly uniform brown. 

KUBIiA, 53. 
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41. M7CTEROPERCA OLFAX. 

(Yellow Gbouper.) 
a. Green variety (o^fax). 

Serranus olfdx Jenyns, Zool. of the Beagle, Fishes, 9, pi. 4, 1840 (Galapagos Islands) ; Gtbither, Proc. 

Zool. Soo. London, 1877^ 67. 
Mvoteroperca olfax Jordan &, Swain, Proo. U. S. Nat. Mns., 1884, 376 (copied) ; Jordan, Froc. U. 8. 

Nat. Mas., 1884 (Abingdon Island, Galapagos ; Panama). 

b. Bed variety irnberrima), 
Myoteroperca ol/ax ruherrima Jordan &, BoUman, var. nov. (Abingdon Island). 

Habitat — Galapagos Islands ; Panama. 

Etymology. — Olfaoto^ to smell, from the large size of the nostrils. 

This species is well represented in the museum at Cambridge, some of the speci- 
mens there being 2 feet in length. The following description is taken from No. 
24198, M. G. Z., 2 feet long, from James Island, Galapagos : 

Head 2^ to 3 in length ; depth, 3^. D., XI, 17 ; A., Ill, 11. Scales, 30-120-x. 

Body robnst, not strongly compressed ; head deep, the snout rather sharp, the an- 
terior profile steep ; month large, the maxillary reaching somewhat beyond eye, 2^ in 
head, its surface scaly, as in other species ; teeth moderate ; canines normal ; nostrils 
large, very close together, separated by a narrow vertical septum, the posterior some 
three times the diameter of the anterior, which is broader than the septum (in the dried 
example examined by Jeuyns the anterior nostril seems to have been overlooked, and 
a horizontal basal membrane in the posterior nostril was taken for the nasal septum) ; 
eye small, 7 in head ; preorbital as broad as eye; interorbital area flattish and broad, 
4§ in head; gillrakers coarse and long, 'x+ 15; preopercle without salient angle, its 
notch moderate ; scales small, chiefly cycloid. 

Dorsal spine stroug, the second and third elevated so that the posterior outline of 
the flu is concave, first spine just half the second, second and third equal, 2§ in head, 
fourth 1^ in third; soft dorsal scarcely angular; caudal fin shallow-lunate; soft anal 
falcate, its posterior margin concave, the lougest rays 2^ in head (its form as in the 
adult of rosa^eaj falcata^ xenarcha^ and rubra). 

Color brown, with some traces of grayish vermiculations around small round brown 
spots; fins all dusky, especially distally. 

Young covered all over with rouud brown spots, much smaller than the pupil ; a 
black mustache ; pectoral with a narrow pale edge. 

A large specimen taken by the Albatross at Abingdon Island, in the Galapagos, 
seems to have been bright red in life. It probably represents a deeji-water variety 
analagous to the red varieties of West Indian species. It may be distinguished as var. 
Tuberrima. The anal is a little lower than in an equally large specimen of the typical 
olfax taken in the same locality. No other difference is apparent. 
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42. M7CTEROPERCA ROSACEA. 

Epinevhelua rosaceus Streets, Bull. U. S. Nat. Mas., VII, 1877, 51 (Angel Island, Galf of California). 
Trisotropis rosaceua Jordan &, Gilbert, Ball. U. S. Fish Comm., 1882, 107 (Mazatlan). 
Myoleroperca rosacea Jordan & Swain, op. cit., 362, 1884 (Mazatlan). 

Habitat — Gulf of California. 
Etymology, — Rosaceus^ rosy. 

Only two specimens of this species are yet known ; one of these has been described 
in detail by Jordan & Swain, the other by Dr. Streets. 

43. M7CTEROPERCA FALCATA 

(Scamp; Bacalao; Abadejo.) 

a. Var. falcata, 

Serranue falcatua Poey, Memorias de Cuba, II, 138, 1860 (Havana). 

Trisotropis falcatus Poey, Synopsis Pise. Cubens., 285, 1868 (Havana) j Poey, Ann. Lye. Nat. Hist. N. 

Y., 309, 1869 (Havana); Poey, Enum. Pise. Cubens., 15, 1875 (Havana). 
Myoteroperca falcata Jordan &, Swain op, ciLy 1884, 362 (Havana). 

d. Var. phenax. 

Trisotropis falcatus Goode & Bean, Proc. U. S. Nat. Mas., 140, 187IP (Pensacola, Fla.) ; Poey, Ball. U. S. 
Fish Comm., II, 118, 1882 (Key West, Fla.) ; Jordan & Gilbert, Proc. U. S. Nat. Mas., 273, 1882 
(Pensacola, Fla.); Jordan & Gilbert, Synopsis Fishes North America, 538, 1883 (copied firom 
Goode & Bean). 

Epinephelus falcatus Jordan, Proc. U. S. Nat. Mas., 1884, 124 (Key West). 

Mycteroperca falcata phenax Jordan &, Swain, Proc. U. S. Nat. Mas., 1884, 363 (Key West). 

Habitat. — West Indian faana, Pensacola to Cuba. 
Etymology, — Falcatus j scy theshaped. 

As we have found that Mycteroperca rubra (acutirostris) has often or usually the 
anal fin augulated, as in the present species, it is probable that Dr. Steindachner was 
correct in referring his specimens showing this character from Messina and Rio Janeiro 
to M. rubra {a^utirostris) rather than to if. falcata. (See Steindachner, Ichth. Beitr., 
XII, 3, 1882, and Jordan & Swain, I. c.) 

We have specimens of this species from Cuba and from Bahia, the variety phenax 
from Pensacola and Key West. 

44. M7CTEROPERCA CALLITTRA. 

Mycteroperca caJ/tura Poey, Repertorio, 1867, 1, 181, 309 (Cuba) ; Ann. Lye. Nat. Hist. N. Y., IX, 307, 1869 ; 

Poey, Enum. Pise. Cubens., 14", 1875. 
Trisotropis calliurus Poey, Syn. Pis. Cubons., 2^4, 1868 (Cuba) ; Jordan & Swain, op. d^, 366 (copied). 

Habitat. — West Indian fauna, Cuba. 
Etymology. — KdXXo<;^ beauty ; oOpa^ tail. 

A specimen in the museum at Cambridge (10011, 14 inches long), sent by Poey 
from Havana, is apparently typical of this species. 

Body rather deep and compressed; preopercle with salient angle; gillrakers 
x+12; nostrils as in M. tigris^ olfax^ etc., the posterior considerably the larger, the 
two close together, and the large nostril with a sort of interior septum at its base 
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crossing it horizontally. Head 3 in length ; depth 3. D. XI, 16; A. Ill, 11. Snout 4% 
in head ; eye 5; scales about 90 to 100 ; color brownish, everywhere with grayish retic- 
ulations around small brown spots, these not larger than pupil and not evident on 
the head ; fins all edged with dusky. 

45. M7CTEROPERCA TIGRIS. 

(BoNACi Gato.) 

a. Var. tigris (brown variety). 

SerranuB tigns Cot. A Val., IX, 440, 1833 (San Domingo) ; Gttnther, I, 112 (copied;. 

JVisotropia tigria Poey, Ann. Lye. Nat. Hist. N. Y., 1969, 307 (Havana) ; Poey, Ennm. Pise. Cabens., 

1875, 14. 
MycUroperca tigria Jordan & Swain, op. oit, 364 (Havana). 
Serranusfelinus Poey, Memoriae de Cuba, II, 134, I860 (Havana). 
SerranuB repandus Poey, Memoriae de Cnba, II, 135, 1860 (Havana). 
Trisoirapis retUmlatua Gill, Proo. Ac. Nat. Sci., 1865, 105 (Barbadoes). 
Myoteroperca reticulata Jordan &, Swain, {. c, 373 (Barbadoes). 

d. Var. oamelopardalis (red variety). 

Serranua camelopardalia Poey, Mem. Cnba, II. 132, 1860 (Havana). 

Trisotropis camelopardalia Poey, Syn. Pise. Cub., 283, 1868; Poey, Ann. Lye. Nat. Hist. N. Y., 307, 

1869; Poey, Enam. Pise. Cub., 1875, 14. 
Serranu9 rivulatua Poey, Memoriae Cnba, II, 1860, 135 (Havana). 

Habitat — West Indian fauna. 
Etymology, — Tigris, tiger. 

Several specimens in the museum at Cambridge, sent from Havana by Poey, agree 
perfectly with the type of Trisotropis reticulatus. These prove, on closer study, to be 
specimens of the M. tigriSj from which the dark cross-bands have faded. There seems 
no reason whatever for doubting the identity of E. retioulatm with E. tigrU. 

A specimen of this species is in the museum at Cambridge from MaranhSo. 
Another from Cuba is labeled as the type of Serrantis felinus Poey. 

46. M7CTEROPERCA VENENOSA. 

(Rock-fish; Bonaci carde.val; Yellow-finned Grouper; Bonaci de Piedra.) 

a. Var. venenoaa (gray variety). 

Perca marina renenosay the Rock-tish, Catesby, Fishes Carolina, etc., tab. 5 (Bahamas). 

Peroa venenosa Linnti'us, Syst. Nat., x, 2^2, 1758 (after Catesby); ihid,, XII, 486; Gmelin, Syst. Nat., 

178H, 1318, (copied); Bloch dr. Schneider, Syst. Ichth.. 1801, 92 (copied). 
Mycteroperca venenoaa Jordan & Swain, I c, 373 (Key West; Havana). 
Epinephelus venenoaua Jordan, Proc. U. S. Nat. Mus., 1884, 124 (Key West). 
Serranus petroaus Poey, Memorias Cuba, II, 136, 1860 (Havana); Poey, Repertorio, II, 165, 1868. 
Triaolropia petroaua Poey, Ann. Lye. Nat. Hist. N. Y., 1869, 304; Poey, Ennm. Pise. Cnbens., 1875, 13; 

Poey, Bull. U. 8. Fish Comm., 1882, 118 (Key West); Jordan & Gilbert, Syn. Fish. N. A., 1883, 

918 (copied). 
Triaotropia unduloaua Goode, Bull. U. S. Nat. Mus., V, 55, 1876 (Bermudas; excl. syn.). 

Bull. U. S. F. C, 88 24 



370 BULLETIN OP THE UNITED STATES PISH COMMISSION. 

h, Var. aptM (red variety). 

Ptrati opia Marograve, Hist. Bras., 158, 1648 (Brazil). 

Bodianua apua Bloch, Ichth., VII, 37, Taf. S29, 1790 (Brazil, after a drawing by Prince Manrice — ^the 

same nsed by Marcgrave). 
Banaci oardenal Parra, Piezas de Hist. Nat. Caba, 29, lam. XVI, 1787 (Havana). 
Johnius guttatuB Bloob & Schneider, Syst. Icbtbyol., 77, 1801 (after Parra). 
Bodianua marginaiua Blooh &, Schneider, {. o., 331 (after Marcgrave). 
Serranus oardinalis Cnv. &, Val., Hist. Nat. Poiss., II, 378, 1828 ; Poey, Bepertorio, n, 200, 1867 (after 

Parra). 
Drisotrapia oardinalis Poey, Ann. Lye. Nat. Hist. N. Y., 1869, 303 (Cuba); Poey, Ennm. Pise. Cnbens., 

1875, 13. 
Serranua rupestris Cut. & Val., Hist. Nat. Poiss., IX, 437, 1833; OUnther, Cat. Fish. Brit. Mns., I, 145, 

1859 (San Domingo). 
Myoieroperoa venenosa guttata Jordan & Swain, Proo. U. S. Nat. Mns., 1884, 375 (Havana). 

Habitat — West Indies, Florida Keys, and southward. 

Etymology. — Yenenostts^ venomous, the flesh being: sometimes poisonoos. 

We now adopt the name apua for the red variety of this species instead of guttatus. 
The Bodianus apua of Bloch coald have been intended for nothing else than the 
Bonaci cardenaly although the figure is a very incorrect one. 

Specimens of the red variety apua, from the Florida Keys, are in the museum at 
Cambridge. Others were obtained by the Albatross at St. Lucia. 

47. M7CTEROPERCA BONACi: 

(BoNACi ARARiC; Black Grouper.) 

a. Var. honaoi. 

Bona^ arara Parra, Piezas de Hist, Nat. Cuba, 1787, tab. 16, f . 2 ( Havana). 

tSerranua bonaci Poey, Memorias de Caba, 1^60, II, 129 (Caba). 

TrUoiropi8 bonaci Poey, Syn. Pise. Cubens., 1868, 283; Poey, Ann. Lye. Nat. Hist. N. Y., 306, 1869; 

Poey, Enuin. Pise. Cnbens., 1875, 13. 
Epinepheltts ftonoci Jordan, Proc. U. S. Nat. Mas., 1884, 124 (Key West). 
Mycteroperca bonaci Jordan & Swain, 1. c., 1884, 370 (Key West, Havana). 
Serranus brunneua Poey, Mem. Cuba, 1860, II, 131; Poey, Repertorio Fis. Nat., II, 156, 1868. 
Triaotropis brunneua Poey, Syn. Pise. Cab., 1868, 284 ; Poey, Ann. Lye. Nat. Hist. N. Y., 305, 1869; Poey, 

Enum. Pise. Cubens., 1875, 13; Poey, Bull. U. S. Fish Coram., 118, 1882 (Key West); Jordan & 

Gilbert, Syn. Fish. N. A., 1883, 538 (copied). 
Serranua arard Poey, Memorias Cuba, II, 1860, 132 (Cuba ; not of Cuv. &, Val.); Steindachner, lohthyol. 

Nptizen^ 1867, VI^. ~ 

Serranua deoimalia Poey, Memorias Cuba, II, I860, 138 (Cuba). 
Serranua cyolopomatua Poey, Mem. Cuba, II, 1860, 353 (Cuba). 
Serranua latepictua Poey, Mem. Cuba, II, 1860, 353 (Cuba). 
Triaotropia aguaji Poey, Repertorio, II, 229, 1868; Poey, Synopsis, 1868, 284; Poey, Ann. Lye. Nat, Hist. 

N. Y., IX, 306; Poey, Enumeratio, 14. 

b. Var. xanthoatiota, 
Mycteroperca bonaci xantkoaticia Jordan & Swain, Proc. U. S. Nat. Mus.jJ.884, 371 (Pensacola). 

Habitat — West Indies, Pensacola to Brazil. 
Etymology. — Bonaciy the Oaban name for the species. 

Specimens of this species are in themaseam at Cambridge, from Caba, Nassau, and 
Bio Janeiro. 
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We still feel a little doubt as to whether this is the original banaoi of Poey. If it 
should prove to be not that species, the present species should stand as Mycteroperca 
decimalis. 

48. M7CTEROPLRCA JORDANI. 

Epinepheluajordani Jenkins A Evermann, Proo. U. S. Nat. Mns., 1888 (Gnaymas). 

Habitat— Qvlf of California. 

Etymology. — Named for David Starr Jordan. 

This species is very close to ilf. bonaci^ from which it differs chiefly in the smaller 
scales. It is known from several young examples, the largest something more than a 
foot long, collected by Professors Bvermann and Jenkins in the Gulf of California. 

49. M7CTEROPERCA MICROLEFI8. 

(Gag; Aguaji.) 

8erranu» aouHroBiris Cnvier Sc Valenciennes, Hist. Nat. Poiss., IX, 432 (Charleston: no descr.; not 
type) ; Dekay, New York Fanna, Fishes, 1842, 23 (Charleston). 

TriaotropiB ocaHrotirU Gill, Rept. U. 8. Fish Comm., 1871-^72, 806 (name only). 

TrisotropiB brunneus Goode A Bean, Proo. U. S. Nat. Mns., 1879, 115, 143 (Pensacola; not of Poey). 

DrisotropU microlepU Gk)ode &. Bean, Proo. U. S. Nat. Mns., 1879, 141 (West Florida) ; Goode & Bean, 
Proc. U. S. Nat. Mns., 1882, 238 (nodesor.); Jordan <& Gilbert, Syn. Fish. N. A., 1883, 538 
(copied). 

Epinephelu9 miorolepis Jordan, Proc. U. 8. Nat. Mns., 1884, 124 (Key West; Cedar Keys). 

Mycteroperca miorolepia Jordan A Swain, op, city 367 (Key West; Pensacola; Cedar Keys); Jordan, 
Proc. U. 8. Nat. Mns., 1886, 27 (Beanfort, N. C). 

TrisoiropU 8iomia8 (Goode & Bean, M88.), Jordan & Gilbert. Proc. U. S. Nat. Mns., 1882, 273 (Pensa- 
cola) ; Goode & Bean, Proc. U. S. Nat. Mns., 1882, 427 (Pensacola; Key West); Jordan & 
Gilbert, Syn. Fish. N. A., 918, 971 ; Bean, Cat. Fishes £xhib. London, 1883, 61 (Pensacola). 

Habitat. — South Atlantic and Oulf coast of United States, north to Beaufort, N. G. 
Etymology. — Mtxpdq^ small; Ae^reT, scale. 

Thus far this species, common on the coasts of Oarolina and Florida, has not been 
taken in the West Indies. It is however frequently seen in the Havana markets (from 
Key West) and some one of Poey's nominal species may have been based on it. A 
specimen of this species from Mobile is in the museum at Cambridge. 

50. BdnrCTEROPERCA INTERSTITIALIS. 

" tSerranua interstitialU Poey, Memorias, II, 127, I860 (Cuba). 

^ r TriaotropU interaiitialis Poey, Synopsis Pise. Cubens., 1868,285; Poey, Ann. Lye. Nat. Hist. N. Y., 308, 

1869; Poey, Enum. Pise. Cubens., 14, 1875. 
^ Mycteroperca interatitialxB Jordan &, Swain, 2. o., 365 (Havana). 

^< i* THsotropis chlarostomtu Poey, Repertorio, II, 231, 1868; Poey, Synopsis Pise. Cubens., 285, 1868; Poey, 
Ann. Lye. Nat. Hist. N. Y., 308, 1869 (Cuba). / y ^ 

Habitat — West Indian fauna, Cuba. 
Etymology. — InterstitialiSj having interstices. 

We have some doubt as to whether the Havana specimens described by Jordan 
and Swain are identical with either the interstitialis or the chlorostomua of Poey. We 
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know of no better identification, however, and in this case nothing will be gained by 
the exchange of one doubtful opinion for another. This is certainly a distinct species 
and it must have been known to Poey. 

51. M7CTEROPERCA DIMIDIATA. 

^ Serranus dimidiatua Poey, Memorias Caba, 1860, II, 129 (Cuba). 

V Triaotropia dimidiatus Poey, Syn. Pise. Cubens., 1868, 285; Poey, Ann. Lye. Nat. Hist. N. Y., 1869, 308; 

Poey, Enum. Pise. Cabens., 1875, 14, II, 129, 1860 (Cuba). 
^ Mycter&peroa dimidiata Jordan & Swain, I. o., 367 (copied). # 

Habitat — West Indian fauna, Cuba. 

Etymology. — Dimidiatm^ halved, upper half of body differing in coloration from 
lower. 

We find a small specimen of this species (26953, M. G. Z., 8 inches long) in the 
museum at Cambridge. It was sent from Havana by Professor Poey, and it is proba- 
bly one of his types. 

Body rather deep and compressed ; mouth small, lower jaw projecting ; canines 
strong, as in Jf . faleata ; snout rather sharp, 4 in head ; maxillary 2 ; eye 5 ; nostrils 
small, not far apart, the anterior rather the larger ; angle of preopercle salient, armed 
with stronger teeth; gill-rakers rather slender, x + 14. Scales rather small, about 
110; caudal fin rather deeply lunate ; anal fin rounded. 

Head 3 in length ; depth 3. D. XI, 16 ; A. Ill, 11. 

Color, in spirits, quite dark above, the lower half abruptly paler ; a narrow pale 
ring around caudal peduncle, behind which is a squarish dark blotch, smaller than 
eye, at base of upper rays of caudal ; a dark area from tip of lower jaw through eye to 
the boundary between the dark and pale on the sides. Caudal, soft dorsal, ventrals, 
and anal edged with black. 

52. M7CTEROPERCA XENARCHA. 

Myoteroperoa xenaroha Jordan, Proc. Ac. Nat. Sci Phila., 1887 (Galapagos Islands; Payta). 

Habitat — Galapagos Archipelago ; Coast of Peru. 
Etymology. — Sev6^, strange ; dp^o^, anus. 

This species is known from numerous specimens in the Museum of Comparative 
Zoology at Cambridge, from the Galapagos Islands and from Payta, Peru. 

53. M7CTEROPERCA RUBRA 

Epinephelus ruber Bloch, Ichthyologia, vii, 22, 1793, Tafel 330 ("Japan "(?)); Bloch & Schneider, Sys- 
tema Ichthyol., 1801, 299 (copied). 

Serranus ruber FetevB, Berliner Monatsberichte, 1865, 107 (re-description of original type). 

Tf Sparus scirtnga Rafinesquo, Caratteri di alcuni Nuovi Generi etc., 50, 1810 (Palermo ; as likely to bo 
Epinephelus alexandrinus), 

Mycteroperca scirenga Jordan & Swain, /. c, 369 (copied). 

Serranus acutirostris Cmy . & Val., II, 286, lH28 (Brazil) ; Valenciennes, "Ichthyologio des lies Cana- 
ries, pi. iii, f. 1'* (Canary Islands; Messina) ; Guichenot, Explor. Sci. Alg^rie, Zool., v, 3.'), H50 
(Algiers); Giinther, I, 135, 1H59; Steindachner, Icbth. Beitr., xii, 5, 1882 (identified witb S. 
unduhsHs). 

Parepinephelus acutirostris Bleeker. 
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Cerna acuiirastris Doderlein, Revista del Genere Epinephelus o Cerna, 1882, 59 (Palermo; description 

and full synonymy). 
SerranuB unduloeus Cnv. & Val., II, 295, 1828 (Brazil); Steindachner, Ichth. Beitr., V, 127, 1876 (Rio 

Janeiro); Giinther, I, 143, 1859 (said to have *' pectorals yellow*'); Steindachner, Ichth. Beitr., 

XII, 1882, 3 (Brazil; Port Said; Beiruth; Messina). 
Triaotrapis undulosus Poey, Ann. Lye. Nat. Hist. N. Y., 1869, 305 (after one of the original types). 
SerranuB fusous Lowe ''Trans. Cambr. Philos. Soc, VI, 196, 1836" (Madeira); Giiuther, I, 1859, 134 

(Madeira; Canary Islands); Steindachner, Ichthyol. Bericht., IV, 1867, 14, Taf. 2 (Cadiz; 

Teneriflfe). 
Serranu9 emarginatua Valenciennes, ''Ichthyol. ties Canaries, 10, 1835 to '50'' (Canary Is.). 
Serranu8 tinea Cantraine "Nouv. M6m. Acad. Brux., 1831, XI." 
Cerna nebulosa Cocco *' Indice Pesci Messina ; Geu. 45, sp. 2," 1844 (Palermo). 
Cerna macrogenis Sassi, '* Descr. Geneva e 11 Genovasato, I, 139," 1846. 
Einnephelus ohalinius Cope, Trans. Am. Philos. Soc, 1871, 465 (St. Martin's). 
Cerna acutiroatris var. lata, Doderleiu, I. c, 74 (Palermo ; monstrous form). 

Habitat ^West Indies, Brazil, Mediterranean Sea, and i^ands of eastern Atlantic. 
Etymology, — Rvher^ red ; from the supposed coloration of the original bleached 
specimen. 

This species is very well distinguished from all the other Epinephelinas by the 
greatly increased number of the gill* rakers, a character first pointed out by Dr. Bean. 

The following description is taken from No. 4805, M. G. Z., from Bio de Janeiro, 13 
inches long : 

Body rather deep, compressed, the snout sharp, the anterior profile straight; mouth 
moderate, the maxillary extending just beyond eye, 2^ in head; canine teeth small; 
preopercle with a salient angle. Gill-rakers very long and slender, x+31, the longest 
four fifths diameter of eye and 7^ in head. Dorsal spines small; soft dorsal slightly 
augulated, the longest ray 2^ in head ; anal fin (in most specimens, especially in adults) 
sharply augulated as in M.falcatus, the longest ray 1 J in head ; caudal lunate, the angles 
well produced in the adult, the fin subtruncate in young; pectoral If in head. Head 2^ 
in length ; depth 2| ; D. XI, 16, A. Ill, 11. Scales, 95. 

Coloration grayish olive, with reticulations of dark around irregular roundish pale 
spots ; a black moustache along edge of maxillary ; fins not much darker than body. 
Young with the markings more distinct than they are in the adults. 

The coloration in this species differs from that of M. bonaci in this respect ; in M. 
rubra the reticulations belong to the dark ground color; in the other the dark spots 
of the ground color are surrounded by paler reticulations. 

A genuine specimen of this species is in the museum at Cambridge, sent by Poey 
from Havana, and therefore presumably a type of one of Poey's nominal species. I 
am unable, however, to identify it with any of these, as none show the combination of 
angular preopercle and paler spots surrounded by darker reticulations of the ground 
color. 

There seems to be no reason for considering the Sparus scirenga as this species 
rather than as some one of the others found in the waters of Sicily. We are informed 
by our friend, M.- Alexandre Thominot, of the Mus^e d'Histoire Naturelle at Paris, 
that the types both of acutirostris and unduhsm possess numerous gill-rakers. There 
is, therefore, no doubt of the correctness of the current identification of this species. 

We have two young examples sent by Dr. Doderlein from Palermo. These 
agree entirely with young examples from America. All of the large examples which 
we have seen have the anal augulated as in iU . falcata. Doderlein makes no mention 
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of this character and his figures do not show it, and it is not shown in the figures pub- 
lished by Dr. Steindachner. Dr. Steindachner, however, states that while most of 
his specimens have the anal rounded, a number from Eio Janeiro and Messina have 
its outline angulated. Possibly two varieties or species both with many gill-rakers 
are confounded under the name rubra. This seems doubtful, however, as the agree- 
ment in other respects is very close among all the specimens examined by us and those 
figured by authors. 

We retain for this species the early but inappropriate name of ruber^ as we have 
little doubt that the original Epinephelus ruber was the young of this species. 

This typical specimen — 6 J inches (m. 165) long is still preserved in the University 
of Berlin. It has been redescribed by Professor Peters, and his account shows an 
almost complete agreement with the young of acutirostris in all respects except the 
coloration. The coloration is now wholly pale or bleached, a fact which led Bloch to 
suppose that it had been red. 

At my request. Dr. F. Hilgendorf, of the University of Berlin, has again examined 
the species. He sends a drawing of the head, which shows a full agreement in form 
of mouth and nostrils with M. acutirostris. He adds the following notes (translated) : 

The giU-rakers are indeed numerous. I count 24 on the oeratobrauohial of the first arch. The 
longest of these measures 6^™™. 

The points in which ruber differs from aevitiroitrU (compared with a larger example — 12581, m. 283 
long, from Athens) are the following: The pale coloration which is hardly to be explained by'bleaoh- 
ing, as the dark-brown pigment suffers little, nor is it to be accounted for by difference in age. The 
caudal is in ruber apparently strongly rounded, and the pectorals as well as ventrals are longer in 
ruber. The ventrals reach at least to the vent. The point of the pectoral is 78™™ from the snont, 
g5mm from the end of the caudal (as 7 to 8). In aouiirostris these numbers are respectively 123™™ and 
160 ™™ (as 3 to 4). This difference may be expressed by saying that in acuiirostriB (or in old ex- 
amples f) the hinder parts of the body are more stretched. The streaks on the sides shown in Blooh's 
figure are merely the boundaries of the groups of muscles. 

The difference in the form of the caudal above noticed may, we know, be due to 
age, as in specimens of 6 inches it is very rarely lunate. The difference in form is not 
unlikely also a matter of age. The pale color of the type of Epinephelus ruber may 
be due to exposure of the type to sunlight. A few weeks of such exposure will 
destroy all pigment cells. As the specimen has now been more than a century in 
alcohol, such an exposure may have some time taken place. 

Genus XII.--DERMATOLEP1S.* 

Dermatolepis Gill, Proc. Ac. Nat. Sci. Phila., 54, 1861 {punotatus), 
Lioperca Gill, Proc, Ac. Nat. Sci. Phila., 237, 1862 {inermis). 

Type. — Dermatolepis punctatus Gill. 

Etymology. — Jip/ia^ skin ; Xentffj scale. 

This well-marked genus is allied to Epinephelus, but shows some positive affinities 
with Rypticus. Two species are known, both fully described in the paper of Jordan 
& Swain. To these we venture to add a third, known only from a rather insufficient 
description given by Dr. Steindachner. 



* Closely allied to Dermatolepis is the genus Cromileptes Swainson (=^Serranichihy8 Blecker), based 
on Serranua altiveliH Cuv. *fc Val. The latter genus has but ten dorsal spines; the anterior profile is 
concave and the dorsal tin extremely high. 
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ANALYSIS OF 8PBCIE8 OF DERMATOLEPI8. 

• 

a. [Dorsal rays XI, 17; scales very small, some of them ctenoid ; ioterorbital space not half diameter 
of eye, which is 4i in head; maxillary reaching middle of eye; angle of preopercle salient, 
with 5 to 7 strong teeth, the two lowermost being turned forward; lower limb of preopercle 
entire; third dorsal spine highest, twice diameter of eye; anal spines graduated; pectoral as 
long as from snout to edge of preopercle; color brown, the scales edged with darker; fins 
brownish. D. XI, 17, A. Ill, 8. ] (Steindaohner) ANOUSTiFRONSy 54. 

aa. Dorsal rays XI, 19; scales all cycloid, imbedded (115 to 125 in lat. 1.); head about 2f in length; 
depth 2i; preopercle without salient angle. 
b, Preopercle evidently serrate, the serrate rather coarse and blunt; upper jaw with very small ca- 
nines; pectoral fins long, more than two-thirds length of head, reaching vent; anal spines 
rather strong; dusky olive, with large rounded whitish spots; no black spots on head; a 

whitish streak from snout through eye toward front of dorsal Inermis, 55. 

hh. Preopercle subentire ; canine teeth obsolete ; pectoral fins short, not two-thirds length of head 
and not reaching vent; anal spines short; dusky olive, with round whitish spots; head with 
smaller black spots Punctatus, 56. 

54. DERMATOLEPIS ANQUSTIFRONS. 

Serranu9 angu$iifron» Steindachner, Verb. Zool.-bot. Gesellsch., Wien, 1864, XIV, 230, tafel vii, figs. 2, 
3, (Cuba.) 

HoMtat — West Indian fauna. 

Etymology. — Augustus^ narrow; frons^ forehead. 

We know nothing of this species except what is contained in the original descrip- 
tion. Were it not for the statement that the scales are ctenoid, we should refer it 
without hesitation to the genus Dermatolepis. As it is, we know of no better place 
for it, as it is not a genuine Epinephelxis. 

The following is Dr. Steindachner's description: 

Serranus (Cerua) ongus, spec. Bloch, Gtinther (f), an Serranus angustifrons n. sp. 

(Tafel VII, Fig. ^Z, 3.) 

Die von Cuv. Val. und Dr. Gtinther gegebene Beschreibung von Serranus ongus spec. B1.=5. diohrop- 
terus ist so allgemein gehalten und arm an charakteristischen Merkmalen, dass ich nicht mit voUer Be- 
stimmtheit zu eruiittelu vermag, ob ein im kais. Museum befindliches, von Cuba eingesendetes Exem- 
plar zu Serranus ^Serranus} ongus zu beziehen sei oder einer neuen Art angehore, die wegen der auffiil- 
lend geringen Breite der Stirne den Namen S. angusH/rons rechtfertigen wtirde. Um die Hebangdieser 
Zweifel zu ermoglicben, gebe ich die naturgetreue Abbilduug des Kopfes, von der Seite and von oben 
gesehen. 

Der gauze Korper ist sehr stark compriiuirt. 

Die Kopflange betragt nahezu i der TotallSnge des Fisches ; die Kopf breite ist 3f mal in der Kopf- 
lange, die grosste Kdrperhohe weniger als 4 mal in der Totallange enthalten. Die geringste Korper- 
hohe am Schwanzstiele kommt nicht ganz i der grossten Leibeshohe gleich. Das langlichrunde Aage 
stosst mit seinem oberen Bande fast an die ProfiUinie des Kopfes, liegt nm etwas mehr als li Augen- 
langen vom unteren Kopfrande entfemt. Die lange des Augendiameters ist 4^ mal in der Kopflange, 
die lange Spitze des hinteren hautigen Kiemendeckelanhanges inbegriffen, enthalten. 

Die Stirnbreite zwischen den Angen betragt kanm f der Lange eines Anges. Das hintere Ende des 
Oberkiefers reicht in senkrechter Richtung bis unter die Mitte des unteren Augenrandes znrtick. Der 
hintere Vordeckelrand ist convex und sehr fein gezahnt; der Vordeckelwinkel springt fiber den hin- 
teren Rand vor, und tragt 5—7 starkeZiihne, von deuen die beiden unteren mit ihrer Spitze nach vome 
gekrtimmt sind. Der nntere Vordeckelrand ist wie bei vielen Serranen (nicht aber bei alien, wie Dr. 
GUnther in seiner Synopsis der Genera der Perci<lae Band I, pag. 55, des Catal. of the Acanth. Fish, of 
the Brit. Mus. angibt) ungeziihnt : der knocherne Theil des Kiemendeckels ist nach hinten in 3 stark 
plattgedrttckte Stachelu ausgezogen, vi*n deneu der mittlere am liingsten iat. 
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Von deo 11 Dorsalstacheln ist der dritte am hoohaten, beilaafiff nooh einmal so hoch als der erste oder 
2 Aagendlametern an Lange gleich. Der letzte Dorsalstaohel erreioht die Lange von H Angendiame- 
ter ; der hochste Gliederstrahl der Dorsale ist etwas hoher als der dritte Stachelstrahl derselben Flosse. 

Die Veutrale ist bedeateod, die Caudale nur ein weuig kUrzer als die Pectorale ; diese letztere ist von 
dreieckiger Qestalt, und der Entfemang der Schnaazenspitze yom oberen Ende des Yordeokels an 
Lange gleioh. 

Der zweite Analstachel ist langer als der letzte Dorsalstaohel, aber etwas kilrzer als der dritte Anal- 
stachel, Ubertrifft Ubrigens an Starke sowobl diesen, als auch jeden der 11 Dorsalstacheln. Der glie- 
derstrahlige Tbeil der Anale, so wie der Dorsale ist nach hinten abgerundet. 

Der ganze Korper (mit Ausnahmeder nackthaotigen Lippen) ist mil sehr kleineii, gezahnten Schup- 
pen bedeckt, die Seitenlinie erstreckt sich bis znm Beginne des hinteren Langendrittels der schwach 
abgerimdeten Sohwanzflosse. 

Der Korper ist von branner Farbe, jede der kleinen Korperschuppen zeigt am. o^er etwas vor dem 
freien Rande, und zwar parallel mit demselben einen sohmalen schwarzlicheu Sanm.^^ Die Brust- und 
Bauchflossen sind von sohwarzlichbrauner Farbe, die Flossenhaat der Dorsale ist nur zunachst den 
einzelnen Stacheln von sohwarzlicher, im iibrigen von braunlicher Farbnng. D. 11-17. A. 3-8. - P. 19. 

55. DERMATOLEPIS INERMIS. 

SetranusinermU CnY, & Val.; Hist. Nat. Poiss., IX, 436, 1833 (Antilles) ; Poey, Memorias Cnba, 1, 1851, 

54, lam. 4, f. 2 (Cuba) ; Glinther, 1, 1859, 153 (Cuba) ; Poey, Repertorio, I, 198, 1867. 
Lioperoa inermia Poey, Syu. Pise. Cubens., 282, 1868 (Havana) ; Poey, Enum. Pise. Cubens., 17, 1875. 
Dermatolepis tnerint« Jordan & Swain, Proe. U. S. Nat. Mus., 1884, 405 (Havana). 

Habitat — West Indies. 
Htymology^—Inermis^ anarmed. 

Of this species we have examined a single specimen from Havana. 

56. DERMATOLEPIS FUNCTATUS. 

Dermatolepis punctatus Gill, Proe. Ao. Nat. Sei. Phila., .54, 1861 (Cape San Luoas); Gill, op. city 250, 
1862; Jordan <& Gilbert, Proe. U. S. Nat. Mus., 229, 1881 (Soeorro Island); Jordan <& Swain, 
Proe. U. S. Nat. Mus., 1384, 407 (Socorro Island). 

Habitat — Lower California; Bevillagigedo Islands. 
Etymology. — Punctatus^ spotted. 

This species is known from three specimens, one of these the type of the detailed 
account given by Jordan and Swain. 

According to Dr. Gilbert, this species is very abundant about the Revillagigedo 
Islands, where it reaches a weight of about 50 pounds, and is exceedingly voracious. 

Genus XIII.— BODIANUS. 

BodianuB Bloch, lehthyologia, 1790 (guttaiusj bodianusj ete., speeies with entire preopercle and spine 

on opercle). 

CephalophoUB Bloch &, Schneider, Syst. lehth., 1801, 311 {argua = guitatus). 

BodianuB Cuvier, R^gne Animal, 1817, 276 (guttatus, etc.). 

BodianuB Gill, Proe. Ac. Nat. Sei. Phila., 237, 1862 (restriction of Bodianus Bloch to allies of B. 
guttatus). 

EnneacentrusGill, Proe. Ac. Nat. Sei. Phila., 105, 1865 (ouatalibi = fulnis). 

Petrometopon Gill, Proe. Ac. Nat. Sei. Phila., 105, 1865 (^^ guttatus^' = crnentatu8.) 

Menephonis Poey, Ann. Lye. Nat. Hist. N. Y., X, 50, 1869 (dubins). 

Type. — Bodianus guttaius Bloch. 

Etymology. — Bodiano, PudiayiOj Portuguese name of the larger Labroid fishes in 
Brazil. 
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We revert to oar first opinion, and to the earlier opinion of Dr. QUI, that the name 
Bodianus shoold be used for this genus. 

The name is a latinization of a Portuguese name of Harpe rufa^ and the latter 
species, under the name of Bodianus bodianusj was included by BLoch amoug the 
original types of the genus Bodianus^ it being wrongly supposed by Bloch to agree 
with other species referred to Bodianus in having an opercular spine and an entire 
preopercle. 

Onvier separated Harpe tufa from the others, retaining the name Bodianus for the 
Serranoids only, these agreeing more or less closely with the definition of Bloch. 

Oill later restricted the name to the ninespined allies of EpinepheluSy his Bodianus 
corresponding to the use of the word in this paper. Later he transferred the name to 
Harpe rufa^ dividing the group he had formerly called Bodianus into Ennea^centrus 
and Petrometopon. 

It seems to us that the restriction of Bodianus, made by Cuvier and Oill, by which 
the Labridw were omitted from the genus is legitimate, and as it has priority over 
other arrangements we may accept it. 

The investigations of Professor Peters on the types of Bloch show that Oephalo- 
pholis argus Bloch & Schneider is identical with Bodianus guttatus Bloch, and that 
the species in question has really but nine spines in its dorsal, as is shown in the fig- 
ures both of Schneider and Bloch. Cephalopholis is therefore a strict synonym of 
Unneaventru^Sj and should be adopted unless Bodianus is substituted for both of them. 

Three well-marked groups or subgenera are included among our species of Bodia- 
nus. We can not tell what value these groups may have without examining a much 
larger series of species than has yet been in our hands. Of our species, fulvus, the type 
of EnneacentruSj has the interorbital area channeled, its bones thin and smooth, while 
cruentatiiSj the type of Petrometopon Oill, has this area narrow and transversely con- 
vex, the bones hard and thickened. 

The skulls of the other species have not been examined, but tceniops and dubius 
will probably be found to agree with/iiZru«, 2kXi^ panamensis with crv^ntatus. 

Somewhat allied to Bodianus is the Asiatic genus Variola Swainson {^Uriphce- 
ton Swainson = Phcethonichthys Bleeker, Pseudoserranus Klunzinger) ; type 8erram,us 
luti or louti. 

In Variola the soft dorsal, anal, and caudal are drawn out in long streamers, the 
canines are very strong, and there is a strong lateral canine on each side of the lower 
jaw, besides those in front. The cranium above resembles that of the Serranince, the 
smooth area of the vertex being large, the crests low. . This genus is in some degree 
intermediate between the Epinephelince and Serranus, 

ANALYSIS OF AMERICAN SPECIES OF BODIANUS. 

a. Caudal fin rounded or subtruncate. 
b. Sides with nine or ten dark cross-bauds ; sides of head and jaws with many round bluish or yellow- 
ish spots ; a large Jet-black spot behind eye ; vertical fins edged with blue ; lower 
jaw much projecting; preopercle very finely serrulate, its angle not salient; scales 
rather large (lat. 1. about 80) ; secoud anal spine longest; caudal much rounded. 

Panamensis, 57. 
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bb. Sides withoat cross- bands. 
0. Skall with interorbital area, narrow, convex, hard and thickened {Peiromeiopon Gill) ; body, 
head and fins more or less covered with scarlet or orange spots ; about fonr ronnd, 
inky spots along base of dorsal ; lower jaw not strongly projecting ; caudal fin mnch 

ronnded; scales rather large (lat. 1. aboat 80) Cbukntatus, 58. 

X. Color reddish gray, with many vermilion spots, those most distinct on top of head. 

var. oruentatus, 
XX, Color dosky olive, the spots dark orange red, those on the head obscure. 

var. eoranatus. 

00, Skull with the interorbital area channeled, the bones thin and smooth {Ennoaoentrua); head and 

body with few or many small, blue, dark-edged spots; lower jaw strongly projecting. 

d. Snout with one or two blue stripes; back of tail without conspicuous black blotch; caudal 

rounded; scales small (lat. 1. about 115) T^niops, 59. 

dd. Snout without stripes; back of tail with two black spots; lower jaw with a black spot at 

tip ; caudal subtruncate ; scales moderate (lat. 1. about 90) FuLVUS, 60. 

/. Ground color lemon-yellow; blue spots few yat, fuhu9, 

ff. Ground color bright scarlet var. ruber. 

fff. Ground color brown y&t, punctatua. 

aa. Caudal fin lunate ; body covered with blue spots. {Menephorus Foey,) 

e. Body rather deep ; preopercle evenly convex, without salient angle ; mouth small, the lower 
jaw much projecting ; gill-rakers slender, long, about x -f 20 ; color carmine red, the 
head, back, and sides more or less covered with blue, dark-edged points; caudal tips 
black; some dark spots on maxillary and about eye Dubius, 61. 

57. BODIANUS PANAMENSIS. 

Serranus panamensia Steindachner, Ichth. Beitrage, IV, 1, 1871, with plate (Panama). 
Enneacentrua panamenaia Jordan & Swain, I. c. 398 (copied). 

Habitat. — Panama. 

Etymology. — PanamemiSj from Paaama, where the species was first foaad. 

This species is kuown to ns £rom Dr. Steindachner's description. 

Serranus gymnopareiusj Ouv. & Val., II, 248 (from unknown locality) ; resembles 
this species somewhat, but it is probably not American. 

Epinephelus striatua Bloch Ichth., taf. 330, said to be from Jamaica ; is also 
unknown to us. Cuvier and Yalenciennes regard this species as probably identical 
with the gymnopareius. In any case, the name striattta is preoccupied by Epinephelus 
striatus. Bodianus gymnopareius is said to resemble 8erramL8 scriha in form, but it is 
especially distinguished by having the precopercle for the most part bare of scales j 
seven or eight brown bands across the body; some traces of a dark longitudinal 
band; caudal truncate; D. IX, 17; A. Ill, 7. It is described from a small, stuffed 
specimen. 

58. BODIANUS CRUENTATUS. 
(Enjambre; Coney; Rough Hind.) 

a. Scarlet variety {cruentatus), 

Peroa guttata Bloch, Ichthyol., pi. 312, 1792 (description aud figure from a drawing by Plumier); not 

of LinnsBiis. 
Serranua guttatua Castlenau, Auim. noav. ou rares, S. Amer., 1854, 312 (Brazil). 
Enne4ioentru8 guttatua Jordan & Swain, L o. 399 (Havana). 
Sparua cruentalua Lac6pMe, Hist. Nat. Poise., IV, 157, tab. 4, f. I, 1803 (on a copy of Plumier's 

drawing.). 
Serranua apiarius Poey, Memorias Cuba, II, 143, 1860 (Havana). 
Petrometopon apiariiia, Poey, Synopsis Pise. Cubeus., 1868, 288; Poey, Euum. Pise. Cubeus., 1875,20 

(name only). 
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Serranus coronatus (pale variety) Giinther, 1, 124, 1859 (Puerto Cabello, Caba, Jamaica, and Trinidad) 
Cope, Trans. Am. Pbilos. Soc., I87I, 466 (St. Croix ; New Providence). 

6. Brown variety (caronaUU). 

Serranus ooronatus Cnv. &, Val., II, 371, 1828 (Martinique); Poey, Bepertorio, I, 198, 1868. 

Serranus coronatus var. nigriculuSf Qiintlier, I, 1859, 124. 

Enneaoentrus guttatus ooronat us J ordtkii &, Swain, I, c, .198 (Key West; Havana). 

Petrometopon guttatus Poey, Synopsis Piso. Cub., 1868, 288 (Havana) ; Poey, Ennm. Piso. Cnbeus., 

1875, 19. 
Epinephelus guttatus Jordan, Pn>c. U. S. Nat. Mus., Icj84, 125 (Key West). 

Habitat. — West Indian fauna ; Brazil to Florida Keys. 
Etymology. — Cruentattf^^ dyed with blood. 

As this species is in no wise concerned in forming the Perca guttata of Linnsens, 
we no longer retain for it the specific name of guttatus. The specific name next in 
date is the cruentatus of Lac^pMe. This appropriate name seems to be subject to no 
doubt, and must be adopted. 

59. BODIANUS T2INIOPS. 

Serranus tamiops Cuv. & Val., II, 370, 1828 (Cape Verde) ; QUntber, I, 121, 1859 (St. Vincent) ; Stein- 
dachner, Fische Afrikas, 1881, 4, taf. I (*Wery common on the coast of Senegambia to the 
Cape Verde Islands and Goinea ; rare on tbe coasts of tbe Babama Islands to Florida")* 

Bodianus tceniops Jordan & Gilbert, Syn. Fisb. N. A., 1883, 919 (copied). 

Enneaoentrus tceniops Jordan & Swain, 2. o.*, 402 (copied). 

Habitat. — West Indies and Florida Keys to west coast of tropical Africa. 
Etymology. — Tatwia, band ; <w^, face. 

We have seen no specimens of this species. 

60. BODIANUS FULVUS. 

(Guativere; Nigger-fish; Yellow-pish; li utter- fish.) 

a. Yellow variety (fulvus). 

Turdus Cauda convexa (tbe Yellow-fisb) Catesby, Nat. Hist. Carolina, 1743, pi. x, f. 2. 

Labrusfulvus Linnccns, Syst. Nat., ed. x, 1758, 287 (after Catesby; ; Linnteus, Syst Nat., ed. xn, 1766, 479. 

Enneaoentrus fulvus Jordan & Swain, 2. c. 402 (Havana). 

iruatitere amarilla Parra, Descr. Dif. Piezas, Hist. Nat. Cnba, 1787, lam. v. f. 2 (Cuba). 

Holocentrus auratus Blocb, Icbtbyol., Yll, 57, 1792, taf. 236 (''East Indies '0 ; Blocb & Schneider, Syst. 

Icbtbyol., 1801. 314. 
SefTanus auratus Cuvier & Valenciennes, II, 364, 1828 (copied); Peters, Berlin. Monatsber., 1865, 103. 

(identilicatiun of Holocentrus auratus Blocb). 
Bodianus guativere Blocb & Scbneider, Syst. Icbtb., 1801, 336 (based on both Parra's figures). 
Serranus guativere Cuv. &, Val., II, 383, 1828 (on Parra's second figure) ; Mliller & Troschel, " Sobom- 

burgk's Hist. Barbad., 1848, 665; '' Cope, Trans. Am. Pbilos. Soo., 1871, 466 (New Providence) ; 

Poey, Repertorio, I, 203. 

6. Scarlet variety (ruber), 

Cara N na Marcgrave, Hist. Brasil, 1(>48, 147 (Brazil). 

Guativere Parra, Descr. Dif. Piezas, Hist. Nat., 1787, lam. V, f. 1 (Cuba). 

Perca punctata Blocb, Icbtbyol.. 1792, 314 (on a figure by Plnmier). 

Oymnocephalus ruber Blocb &. Scbneider, Syst. Icbtbyol., 1801, 346, taf. 67 (on CJarauna of Marcgrave; 

not Epinephelus ruber Blocb). 
Serranus ouatalibi Cuv. & Val., II, 381, 1828 (Havana); Guicbenot, Eamon de la Sagra, Cuba, Poiss., 

1845, 15 (Havana); MUller & Troscbel, Scbomburgk's Exped. Barbad., 1848, 665 (Barbadoes); 

GUntber, 1, 1859, 120 (Jamaica ; Cape Verde) ; Cope, Trans. Am. Pbil. Soc., 1871, 466 (St. Croix ; 

New Providence; St. Kitt's); Poey, Kepertorio, I, 202, 1867. 
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Enneacentrus fulvtts ouatalibi Jordau & Swain, L o., 402 (Havana). 

Serranus carauna Cuv. & Val., II, 384, 1828 (Brazil); Casteluau, Anim. nouv. Am^r. Sud, I, pi. i.f.l. 

(Brazil). 

c. Brown variety {punctatua). 

Perca marina puncticulata (the Negro-fish) Catesby, Nat. Hist. Carolina, etc., 1743, pi. 7 (Bahamas). 
Peroa punctata LinnieuB, Syst. Nat., x, 1758, 291 (based on Catesby); Linnaens, Sysi. Nat., xii, 1766,485. 
Enneacentrus 2yunctatu8 Poey, Syn. Pise. Cubens., 1868, 288 (Cuba); Goode, Ball. U. S. Nat. Mas., V, 

1876, 59 (Bermudas). 
Epinephelus punctatu8 JoTdtku & Gilbert, Syo. Fish. N. A., 188;), 541. 
Bodianu8 punctatus Jordan & Gilbert, Syn. Fish. N. A., 919 (name only). 
Enneaoeniru8 fulvu8 punctatua Jordan &, Swain, 7. o. 403 (Havana). 
Perca punctulata Gmelin, Syst. Nat., 1788, 1315 (after Catesby). 
Enneacentrus punotulatu8 Poey, Enum. Pise. Cubens., 20, 1875 (Havana). 

Habitat — West ludian fauna : Florida Keys to Brazil. 
Etymology, — Fulvus^ tawny in color. 

Specimens of this abundant species are in the museum at Cambridge from St. 
Thomas, Sombrero, Barbadoes, Havana, Nassau, Gamaru, MaranhSx). and Bio de 

Janeiro. We have also examined specimens from Bahia. 

« 

61. BODIANUS DUBIXrS. 

Serranus dubius Poey, Memorias, II, 142, 1860 (Cuba). 

Enneacentrus duhius Poey, Synopsis Pise. Cubens., 289, 1868. 

Menephorus duhius Poey, Ann. Lyo. Nat. Hist. N. Y., X, 50, 1869; Poey, Enumeratio Pise. Cubens., 

1875,21. 
Enneacentrus dubius Jordan 6l Swain, I, o., 405 (copied). 
T Menephorus punotiferus Poey, Enumeratio Pise. Cubens., 21, 1875 (Cuba). 

Habitat. — Cuba. 

Etymology. — Dubius^ doubtful. 

Two specimens of this species were known to Professor Poey, one 155™" long, 
which became the type of Serranus dubius; the other, 250 ™"», which became the type 
of Menephorus punctiferus. The two specimens probably belong to the same species, 
as the differences indicated are of slight value. 

I Und in the museum at Cambridge a third specimen, without label to indicate its 
origin. The following is a description of this specimen, which is about 9 inches in 
length : 

Head, 3^ in length ; depth, 2f . D. IX, II + (the fin having beeu injured in youth) ; 
A. Ill, 9. {Scales, 96. 

Body rather deep and compressed, formed much as in Bodianus fulvus; head 
anteriorly pointed, the profile forming a slight, even curve. Mouth small ; maxillary 
extending to posterior edge of pupil, 2| in head; lower jaw much projecting; teeth 
moderate, the anterior canines in both jaws rather strong. Interorbital space narrow. 
Eye moderate, 4^ in head, as long as snout. Preopercle finely serrate, its outline 
evenly convex. Gill-rakers slender and long, x + 20. Scales moderate, strongly ctenoid. 
Caudal fin lunate, its angles pointed, the inner rays 2^ in head, the outer If. Dorsal 
spineslow, stiff, the longest 3 in head; outline of the fin not notched. Anal tin high and 
rounded, its longest rays 2J in head. Second anal spine stronger than third, but 
scarcely longer, 3J in head. Pectoral long, reaching past tips of ventrals, 1^ in head. 
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Color mach as in Bodianus fulvus ruber — bright red ; head, back, and sides covered 
with blae points which are edged with blackish; dorsal edged with dnsky ; caudal tips 
black above and below ; maxillary with a row of dark spots ; some dark spots abont eye. 

Genus XIV.— PARANTHIA8. 

Braohyrhinns Gill, Proc. Acad. Nat. Sci. Phila., 1862, 236 {oreolu$=furcifer) (preoooapied in entO" 

mology). ^ ' ^^ 

Paranthiaa Gaicheaot, Ann. Soc. Linn. Maine-ot-Loire, X, 1868 ifuroifer=zoreolu8). 

Type. — Serranus furdfer Cuv. & Val. 
Etymology. — Hapd^ near ; Anthias^ a related genus. 

This is one of the most strongly marked of our Serranoid genera, well distinguished 
among the Upinephelina by the number of fin rays (D. IX, 18), by the deeply forked 
caudal, and by the form of the mouth and frontal region, in which respects it bears much 
resemblance to the AnthiitKc. But one species is known, a beautifully colored fish, 
inhabiting deep waters. 

ANALYSIS OF THE SPECIES OF PARANTHIA8. 

a. Body moderately elongate, strongly compressed; the profile convex and the anont short, as in the 
sn border Anthiince; snout abont 4 in head ; eye about 4 ; maxillary reachiug to below middle of 
eye, 2} in head; maxillary broadened posteriorly, its surface scaled, as in AnthUu; teeth small, 
recurved, in a narrow band in each jaw ; two to four straight canines near the front of each Jaw ; 
preorbital very narrow ; preopercle finely serrate, with salient angle or enlarged teeth ; giU- 
rakers slender; scales small, closely and regularly imbricated, most of them strongly ctenoid; 
dorsal fin low, the spines strong, the third longest, 2^ in head ; soft rays of dorsal low, scarcely 
higher than longest spine ; anal short, its longest (second) soft ray 2 in head, its third spine 
longest, 2| in head ; ventrals narrow, not reaching vent ; pectorals lanceolate, as long as head; 
humeral scale long ; color bright red, or salmon color, with three small violet spots, one on side 
of back and one or two oa the tail, a bar of similar color extending from upper comer of pec- 
toral across the humeral process; sides with faint oblique streaks along the rows of scales; 
dorsal fin with a longitudinal blackish streak. Head, 3| in length ; depth, 3. D. IX~18 ; A. 
Ill, 9. Scales, 90 to 120 Furcifer, 62. 

62. PARANTHIAS FURCIFER. 
(Rabirubbia db lo Alto.) 

Babirmhia de lo alto Parra, Piezas de Hist. Nat. Cuba, 43, lam. 21, fig. 2, 1787 (Havana). 

Serranus farcifer Cuv. Sl Val., Hist. Nat. Poiss.. II, 264, 1828 (Brazil). 

Anthiatfaroifer Giiuther, Cat. Fish. Brit. Mus., I, 91, 1859 (Brazil). 

Paranthias furdfer Gnicheuot, Ann. Linnsean Soc, x, 1868; Jordan, Cat. Fish.N. Am., 83, 1885 (name 
only); Jordan, Proc. U. S. Nat. Mus., 377, 1885 (Cape San Lucas; Galapagos Isl.; Panama); 
Jordan, Proc. U. S. Nat. Mus., 1886, 39 (Havana) ; Jordan, Proc. U. S. Nat. Mus., 1889, 181 
(Charles, Chatham, and Albemarle Islands, Galapagos). 

BroohyrhinM furcijer Voey^ Ann. Lye. Nat. Hist,, 34, 1871 (Cuba);*Poey, Enumeratio Pise. Cubens., 
19, 1875 (Havana) ; Jordan & Gilbert, Synopsis Fish. N. Am., 916, 1883. 

SerranuB creolus Cuv. & Val., Hist. Nat. Poiss., II. 265, 1829 (Martinique ; San Domingo) ; Storer, Syn- 
opsis Fish. N. Am., 278, 1846 (copied); Giinther, Cat. Fish., Brit. Mus., 1, 100, 1859(Cuba; West 
ludicH); GUnther, Fish, of Cen. Am., 409, 1869; Steindachner, Ichth. Beitrage, IV, 6, 1875 
(Panama; Lower California ; Galapagos). 

Brackyrhinua creolus Gill, Proc. Ac. Nat. Sci. Phil., 249, 1862 (Cape San Lucas) ; Poey, Synopsis, 281, 
18()8 (Havana); Poey, Ann. Lye. Nat. Hist. New York, 46, 1871. 

Parantkias creolu9 Guichenot, Ann. Linmean Soc, X, 18G8. 

Cor ina oxyptera Dekay, New York Fauna, Fishes, 1842, 77, pi. xxx, f. 96. 

Serranus colonua Valenciennes, Voyage V^nus, Zool., 300, pi. 2, fig. 1, 1846 (Galapagos Isl.). 
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Habitat — ^Both coasts of tropical America. 

Utymology.^Furoi/erj one who carries a fork, from the form of the tail. 

We have examined nameroas specimens of this species from Gnba, Gape San Lncas, 
and the Galapagos Islands. We are nnable to distinguish the Pacific coast form 
(colonus) from the Atlantic furcifer. 

The skeleton of the species has been described in detail by Dr. Giinther (I, 101). 

Genus XV.— HYPOPLBCTRUS. 

Plectropoma speoies Cayier &. Valenciennes (not type). 
Hypoplectnui Gill, Proo. Ao. Nat. Sci. Phila., 1862, 236 (puella). 

Type. — Plectropoma puella Cuv. & Val. 
Etymology, — ^Titd^ below ; itX^xTpov, spur. 

The species of this genus agree very closely with the type of 8erranu8j PrionodeSy 
etc., differing chiefly in the form of the body, which is more deep and compressed 
than in the other groups allied to Serranus. The skull differs from that of Prionodes 
chiefly in the development of the occipital crest, which, in accordance with the form 
of the body, is much elevated. All the species have several antrorse serrsB on the 
lower limb of the preopercle, much as in Plectropoma^ Acanthistius, and related genera, 
but smaller than in any of these. The species have been usually placed in Plectro- 
poma^ but, except the analogous armature of the preopercle, we know of no natural 
character which would tend to show any special affinity between Plectropoma and 
Hypoplectrus, In the form of the body there is, however, some resemblance between 
Hypoplectrus and Oonioplectrus. 

The specie»of Hypoplectrus are all American, and a study of their relations offers 
many difficulties. 

We have examined typical examples of a large number of the nominal species. 
While each of these shows certain striking peculiarities in color, most of them are abso- 
lutely identical in other respects. Moreover, even among those in which the colora- 
tion seems most sharply defined there are many variations. After an examination 
of the large series of typical forms sent by Professor Poey to the museum at Cam- 
bridge, we find ourselves driven to the conclusion that nearly all the forms of Hypo- 
plectrus constitute but a single species, subject to almost endless variations in color. 
This view we here adopt, leaving for convenience' sake the various nominal species to 
stand as color varieties, produced by the action of some agencies as yet unknown. 

ANALYSIS OF THE SPECIES OF HYPOPLECTRUS. 

a. Scales large, 6-46-13 ; body short and deep, the depth 2^ in length ; head 2J ; profile from dorsal to 

occipat convex, concave above eye; preorbital narrow; maxillary reach- 
ing to below middle of eye; lower jaw slightly included; teeth strong, 
large teeth in front f; fourth dorsal spine highest, 2^ in head; middle 
caudal rays little shorter than the outer ones; pectoral reaching anal; 
teeth of preopercle growing larger downwards ; angle and lower limb 
with about nine strong radiating seme; those nearest the angle largest, 
the others directed more and more forwards. Color (of the single speci- 
men known), black with violet luster; faint, pale streaks along the rows 
of scales on lower parts of body; caudal fin abruptly translucent yellow- 
ish ; pectorals colorless ; tips of dorsal and anal spines and edge of soft 
rays abruptly whitish Lamprurus, 63. 
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aa Scales moderate, 60 to 65 in the lateral line (B-60-20 to 11-65-30) ; dorsal rays X, 15, depth 2 to 2^ 

in length, the head ahoat 3; maxillary 2 in head; caudal fin slightly 
Innate : fourth dorsal spine highest, 2f in head ; pectorals narrow, aboat 
reaching second anal spine; gill- rakers short and slender, x + 12. 
Coloration extremely various, the following being the nominal species or 

varieties thus far described Publla^ 64. 

b. Soft dorsal checkered or spotted with pale blue or crossed by blue lines (these occasionally obsolete). 
0. Body all violet with five or six more or less distinct black cross-bands, the middle one broadest, 

covering the space from the fourth to the tenth dorsal spine and meeting 
its fellow under the belly ; the band at the nape broad and saddle-like, 
bonnded by two pale cross-streaks on nape, operde, and cheek; snout 
pale, a pale shade across it ; ventrals pale or dark ; other fins, except 
spinous dorsal mostly pale. Scales 8-60-20. 
X. Cheek with a blue band before eye and some blue spots before it, 

var., puella 64 a. 
X. Cheek without blue band ; no blue spots on snout ; colors duller, 

var. vitulinus, 64 6. 
00. Body and head yellow anteriorly ; body abruptly black posteriorly, the black extending forward 

to a wavy line reaching from first dorsal spine to vent ; a broad dark bine 
band in front of eye, bordered by sky-blue ; fins chiefly orange ; ventral and 

anal bordered by sky-blue var. pinnavariiM, 64 o. 

coo. Body dusky, the head and belly orange, the top of head olivaceous ; a black spot on each side 

of caudal ped ancle close behind dorsal ; black band or spot in front of 
eye not bordered by blue; cheeks, opercles, and breast with vertical 
lines of metallic blue ; dorsal yellowish ; pectoral and caudal orange : a 
black spot in the axil; upper margin of pectoral blue; anal orange with 

blue border; ventral greenish, its base orange var. maouHferu$, 64 d. 

hb. Soft dorsal plain, without distinct blue lines or spots. 

d. Preorbital region with one or more dark blue stripes, bordered by bright sky-blue (not fad- 
ing in spirits). 
e. Body yellow anteriorly, black posteriorly, the black extending forward to a line Joining the 

nape and last anal ray ; fins orange; a single blue-black stripe or spot in 
front of eye, ocellated with sky-blue ; caudal peduncle very dark above. 

var. guttavariuSf 640. 
ee. Body all orange yellow ; fins orange ; snout and lower jaw blue ; two blue stripes, each 

bordered with sky-blue, before the eye var. gummiguttaf 6V. 

dd, Preorbital region without blue stripes; scales usually (T) smaller (11-65-30). 

/. Preorbital region with violet spots ; a round black spot ou side of caudal peduncle ; dor- 
sal light greenish ; body light olive green above, reddish below ; pec- 
torals pale yellow, the first ray blue ; ventrals, anal, and candal light 

orange var. o^orrafM, 64^. 

ff. Preorbital region without distinct violet spots. 

g, Qeneral color blackish, brown or yellowish — not indigo-blue. 
h. Color brownish, the middle of the front of body ^^ellowish ; fins all yellow except the 

ventrals, which are black var. ooooimim, 64 h, 

hh. Color yellowish pink ; caudal and pectorals pale ; ventrals and anal bright light 

blue var. affinUf 64 <. 

hhh. Color of body black, with violet shades. 

i. Pectoral and caudal fins abruptly bright yellow var. ohloruruMf 64/. 

it. Pectoral and caudal fins violet black, like the rest of the body . . var. nigricansy 64 k. 
gg. General color deep indigo blue everywhere on body and fins ; body with four to six 

broad cross-bars of darker blue. 

j. Cheeks plain, without distinct stripes var. ifidj^o, 64 Z. 

j). Cheeks with a dark blue suborbital band, between two bands of clear blue. 

var. bovinu9f 64 m. 
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aaa. Scales smaU, aboat 80 in the lateral line. 

k, [Caadal moderately emarginated. Color saflfron-yellow, orange on caadal, anal, 
and ventralb ; a narrow blue band from eye across cheek and some small blue 
spots on side of muzzle ; a narrow blue line along upper edge of preoper- 
ole ; two faint vertical lines on opercle ; back brownish anteriorly ; jaws, 
pectoral, and dorsal fins saffron-yellow. Eight teeth on lower margin of 
preopercle. Depth 2^ in length. Scales, 12-81-3'i [( Cope). Crocotus, 65. 
kk, [Caudal forked. Color purple with lighter cloudings ; fins colorless, the exter- 
nal caudal ray darker; caudal deeply lunate, the external rays much 
prolonged, especially those of the upper lobe, which are twice as long 
as the middle rays. Depth 2^ in length. Scales 9-76-29.] (Goode &> 
Bean) Gemma, 66. 

63. HTPOPLECTRUS LAMPRURUS. 

Serranus'lamprurus Jordan & Gilbert, Bull. U. S. Fish Comm., 322, 1881 (Panama). 
Hypopleotrua lamprurus Jordan, Proc. U. S. Nat. Mus., 376, 1885 (Panama). 

Habitat. — Panama fauna. 

Etymology. — Aafinp6<;^ bright; 6opd^ tail. 

This species is known only from a single specimen, taken by Professor Gilbert at 
Panama. 

It is well distinguished from the Atlantic species by the much smaller scales. The 
single type has almost exactly the coloration of the form called Hypoplectma ohlorurus. 
We can only guess as to the color variations which it may undergo. 

64. HTPOPLECTRUS PX7ELLA. 

(Vaca.) 
a. var. puella, 

Plectropoma puella Cuv. & Val., Hist. Nat. Poiss., II, 405, plate 37, 1828 (Martinique) ; Storer, Synopsis 
Fish. N. Am., 282, 1846 (copied) ; Poey, Memor. Cuba, I, 62, 1851 (Havana) ; GUnther, Cat. Fish. 
Brit. Mu8., 1,165, 1859 (Jamaica). 

Bypoplectrua puella Poey, Synopsis Pise. Cubens., 290, 1868 (Havana); Poey, Enumeratio, 23, 1875, 
(Cuba). 

h, var. vitulinus. 

Plectropoma vitulinum Poey, Memor. Cuba, I, 68, 1851 (Havana). 
Hypoplectrus vituHnua Poey, Enumeratio, 23, 1875 (Havana). 

c. var. pinnivarius. 

Hypoplectrus pinnivarius Poey, Synopsis Pise. Cubens., 291, 1868 (Havana) ; Poey, Enumeratio, 24, 1875 
(Havana). 

d. var. maculiferus. 

Hypoplectrus maculiferus Poey, Ann. Lyo. Nat. Hist. N. Y., X, 78, tab. 1, X, 2, 1871 (Havana); Poey, 
Enumeratio. 24, 1875 (Havana). 

0. var. guttavarius. 

Plectropoma guttavarium Poey, Memor. Cuba, I, 70, 1851 (Havana) ; Giinther, Cat. Fish. Brit. Mus., I, 
166, 1859 (copied) ; Cope. Trans. Am. Phil. Soc, Phil., XIV. 466, 1871 (St. Croix). 

Hypoplectrus guttararius Poey, Synopsis Pise. Cubens., 291, 1868 (Havana); Poey, Enumeratio, 24, 
1875 (Havana). 

Plectropoma melankorina Guichenot, ''Poiss., in Ramon de ia Sagra, Hist. Cuba, 18, pi. 1, fig. 1 " (about 
1855.) 
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/. yar. gummi^tta. 

Pleotropama gummigutta Poey, Memor. Cuba, I, 70, 1851 (Havana) ; Gttnther, Cat. Fish. Brit. Mas., I, 

166, 1859 (copied). 

Hypopleotrus gummigutta Poey, Synopsis Piso. Cubens., 290, 1868 (Havana) ; Poey, Enameratio, 23, 1875 

(Havana). 

g, var. abtrrans. 

Hypopleotrus aherrana Poey, Synop. Piso. Cubens., 291, 1868 (Havana) ; Poey, Enomeratio, 24, 1875 

(Havana). 

h, var. aocen8U8, 

Plectropoma acoensum Poey, Memor. Caba, I, 72, 1851 (Havana). 

Hypopleotrus acoensua Poey, Synopsis Pise., Cubens., 290, 1868 (Havana); Poey, Enameratio, 24, 1875 

(Havana). 

i. var. oMnie. 



Plectropoma affine Poey, Memor. Cuba, U, 427, 1860 (Havana). 
Hypopleotrus affinis Poey, Enumeratio, 24, 1875 (Havana). 

j. var. oklorurus. 

Plectropoma oklorurum Cnv. &, Val., Hist. Nat. Poiss., U, 406, 1828 (Martinique) ; Storer, Synopsis Fish. 
N. Am., 283, 1846 (copied); Gttnther, Cat. Fish. Brit. Muh., I, 167, 1859 (Martinique); Cope, 
Trans. Am. Phil. Soc, Phil., XIV, 466, 1871 (St. Croix); Vaillant &, Bocourt, Bliss. Soi. Mex., IV, 
104, 1674, pi. V, f. 2. 

Hypopleotrus chlorurus Poey, Synopsis Pise. Cubens., 290, 1868 (Havana). 

Serranus chlorurus Jordan &, Gilbert, Synopsis Fish. N. Am., 537, 1883. 

I, var. nigricans. 

Plectropoma nigricans Poey, Memur. Cuba, I, 71, 1851 (Havana). 

Hypopleotrus nigricans Poey, Synopsis Pise. Cubens., 290, 1868 (Havana) ; Poey, Ann. Lye. Nat. Hist., 

35, 1871 (Cuba); Poey, Enumeratio, 24, 1875 (name only); Jordan &, Gilbert, Synopsis Fisb. N. 

Am., 918, 188:); Goode & Bean, Proc. U. S. Nat. Mus., 238, 1882 (Gulf Mexico); Jordan, Proo. 

U. S. Nat. Mus., 149, 1884 (Florida Keys); Jordan, Cat. Fish. N. Am., 83, 1885. 

m. var. indigo, 

(AJ^IL.) 

Plectropoma indigo Poey, Memor. Cuba, I, 69, 1851,. tab. 3, fig. 1 (Havana); Giinther, Cat. Fish. Brit. 

Mus., I, 166, 1859 (copied). 
Hypopleotrus indigo Poey, Synopsis Piso. Cub, 290, 1868 (Havana); Poey, Ann. Lye. Nat. Hist., 35, 

1871 (Cuba); Poey, Enumeratio, 23, 1875 (name only); Jordan, Proc. U. S. Nat. Mus., 1886, 39 

(Havana). 

». var. bovinus. 

Plectropoma bovinum Poey, Memor. Cuba, I, 69, 1851 (Havana); GUnther, Cat. Fish. Brit. Mas., 1, 166 

(copied). 
Hypoplecttms bovinus Poey, Synopsis Pise. Cubens., 290, 1868 (Havana) ; Poey, Enumeratio, 23, 1875 

(Havana). 

Habitat. — West Indian fauna. 
Etymology, — PueUaj a little girl. 

We have examined large nambers of specimensof this type in the maseam at Gam- 
bridge, and elsewhere. The best series seen is that sent by Poey to the maseam from 
Havana. So far as we can discover, the various nominal species of this type are ab- 
solutely identical in all respects except in color. Many of them — e. g., puella^ indigo^ 
chlorurus — seem at first sight to be certainly dififereut. Nevertheless each of these 
forms is subject to wide variations, and from the material which we have seen we can 

Bull. U. 8. F. 0., 88 26 
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draw no other oondusion than this. All belong to a single species, which varies ex- 
cessively in its coloration. Bine, yellow, and black are arranged in great variety of 
patterns, in different specimens, and the canse of snch variation is still unknown. 

The following localities are represented in the specimens examined by us: 

Pfidlaj Havana; St. Thomas; St. Oroix. 

VitulinuSj Havana. 

Pinnivariu8j Havana. 

Maculi/erusj Havana. 

Outtavarius^ Havana. 

ChloruruSy Havana. 

Nigricans^ Florida Keys ; Havana ; St Thomas. 

IndigOj Havana. 

The other nominal species we have not seen. 

65. HTPOPLECTRUS CROCOTUS. 

Plectropoma orooota Cope, Trans. Am. Phil. Soc, Phil., XIV, 460, 1871 (St. Martin's, W. Indies). 

Habitat. — West Indian fanna. 

Etymology. — Orocotus^ saffron color ; from crocus^ saflfron. 

We have not seen this species. The single known specimen is no longer to be fonnd 
in the mnsenm of the Academy at Philadelphia, Pa. 

66. HTPOPLECTRUS GEMMA. 

Hypopleotrus ^ernma Qoode &, Bean, Proc. U. S. Nat. Mas., 428, 1882 (Garden Key, Fla.}; Jordan, 
Proo. U. S. Nat. Mas., 149, 1884; Jordan, Cat, Fishes N. Am., 83, 1885. 

Habitat. — West Indian fanna; Florida Keys. 
Etymology, — Oemma^ a jewel. 

Two specimens of Hypoplectrm have been described, both of which are said to differ 
from the type of Hypoplectrm puella in the smaller scales. These two, described 
under the specific names of crocottis and gemma^ differ widely in color, and apparently 
in the form of the caudal fin. 

As we know that the differences in coloration are almost valueless for specific dis- 
tinction in this group, the assumed difference iu the form of the caudal aloue prevents 
us from regarding crocotus and gemma as color varieties of the same form. We have 
not seen either of these nominal species, both of which are known from a single 
specimen. 

Genus XVI.— PARALABRAX. 

ParalabrazGirard, Proc. Acad. Nat. Sci. Phila., 1850, 131 (nebuUfer). 
Atractoperca Gill, Proc. Acad. Nat. Sci. Phila., 1861, 165 {clathratus). 
Gonioperca Gill, Proc. Acad. Nat. Sci. Phila. 1863, 80 (aWomaculatus). 

Type. — Labrax nebulifer Girard. 

Etymology. — Uapd, near; Labrax, old name of the genus Morone; from the Greek 
Xd^pa^j sea-bass. 

This genus is very close to Centropristis, with which it agrees very nearly in the 
form of the skull.* The scales are, however, much smaller than in Centropristes, the 

* We have not examined the skulls of Paralabrax alhomaculatus or of P. humeralis, though wt* have 
no doubt of their general agreement in this respect with the other species. 
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oaadal fin is always ianate, and some of the anterior dorsal spines are in all the species 
considerably elevated. The nnmber of soft rays in the dorsal is also greater in 
Paralabrax than in Centrapristis. The five known species of Paralabrax are foand on 
the Pacific coast of America, while those of Oentropristia are confined to the Atlantic 
coast. 

There is no warrant for the separation of either Atractoperca or Ooniaperoa as 
genera distinct from Paralabrax. 

ANALYSIS OF SPECIES OF PARALABRAX. 

a. Interorbital area more or less scaly, the scales extending forward at least to the middle of papil ; 
gill-rakers x +14 to 17 ; preorbital broad, as broad as eye in adult ; some of the serrs on 
lower limb of preorbital hooked forward. 
6. Scales on top of head extending forward as far as front of eyes ; no roand dark spots anywhere 
except on cheeks and preorbital region ; body rather elongate ; lower jaw projecting; eye 
moderate, shorter than snout, about 5i in head ; mouth large, the maxillary 2J in head, 
rather narrower than the preorbital ; first two dorsal spines short, the third yery long, 
three times second and nearly 2 in head ; soft dorsal rather low ; caudal slightly lunate ; 
second anal spine as long as third and much stouter ; pectorals moderate, 1^ in head ; color 
greenish, with irregular pale and dark mottling and traces of dark oblique cross-bars ; 
fins dusky, mottled ; preorbital, suborbital, and cheeks profusely marked with round or- 
ange spots; a dark streak downward and backward from eye; head 2| in length; depth 

3i; D. X, 14; A. Ill, 7; scales 14-72-24 Nebulifer, 67. 

hh. Scales on top of head extending forward only to middle of eyes ; head and sides of body every- 
where covered with dark orange spots; gill-rakers short and thick, x -|- 12, the longest 2^ 
in eye ; body moderately elongate ; lower Jaw projecting, but less so than in P. nebulifer; 
eye small, 5 to 6 in head, shorter than snout ; maxillary reaching middle of eye, 2f in head ; 
scales quite rough. Second dorsal spine short, not half the third, which is 1| in head, the 
fourth scarcely shorter ; second anal spine shorter than third; pectoral moderate, l^iu 
head; caudal slightly concave ; color olive brown, thickly covered everywhere above with 
dark hexagonal or roundish spots, so close together as to leave the ground color appearing 
as reticulations around them ; these spots are more or less confluent on the back, and are 
most distinct, and tinged with orange on sides of head, on branchiostegals, and on base of 
pectorals; about seven dusky cioss-bars along the sides, in which the spots are deeper in 
color and more confluent ; a bluish stripe from eye across cheeks ; lower parts yellow ; soft 
dorsal and caudal with bronze spots. Head 3 in length ; depth 3 ; D. X, 14 ; A. Ill, 7. 
Scales 12-70(pores)25 Maculatofasciatus, 68. 

aa. Interorbital area chiefly naked,* the scales on top of head beginning more or less behind the pupil; 
gill-rakers, x + 17 to 22. 
0, Preorbital rather broad, more than three-fonrths width of eye; sides of back with large white 
spots; fourth dorsal spine usually higher than third, so that the posterior margin of the 
dorsal fin is deeply concave ; snout 3^ in head ; eye 5^; least width of preorbital 6; inter- 
orbital area flattish, the scales beginning opposite last part of pupil ; maxillary 2 ; nostrils 
small, snbeqnal ; gill-rakers shortish, x -f- 19 ; first dorsal spine short ; second one-third 
longer; third more than three times second; fourth still longer (in specimens examined 
by us, usually not longer in adults, according to Dr. Steindachner, 2} in head), the fin thus 
very deeply notched ; anal spines short, graduated, the second 4} in head ; caudal lunate; 
color, in alcohol, dark above, abruptly pale below ; a large, dark, oblique dash below eye, 
covering most of cheek ; a row of five, oblong, horizontal, white blotches Just below lateral 
line; first and second largest, about as long as eye ; a single one as large as third blotch 
above this row below the second to fourth rays of soft dorsal ; caudal dusky, its central 
and posterior part pale ; anal and ventral black ; pectoral pale ; spinous dorsal dusky at 
base; soft dorsal mottled with dark. Head 2} in length ; depth 3^; D. X, 14 ; A. Ill, 7; 
scales 70 Albomaculatus, 69. 

* This character may prove unreliable. According to Dr. Steindachner, the top of the head is 
( hicfly scaly in Paralabrax humeralis. 
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00, Preorbital narrow, not two-thirds width of eye. 
d. Candal forked ; snout 3f in head ; eye 5i ; preorbital narrow, three-fifths width of eye ; max- 
illary 2^ in head ; top of head naked from back part of eye ; gill-rakers long, x -f 17 ; teeth 
small; preopercle strongly serrate, the lower teeth tamed forward ; first dornal spine short ; 
second half longer ; third 2f times length of second, 2 in head ; fourth a little shorter, the 
others gradually shorter, the ninth longer than the second ; anal spines small, graduated ; 
the second 4^ in head ; pectoral long, 1^ in head ; caudal forked, the upper lobe the longer ; 
Color (faded in our specimens), according to Steindachner, dark olive, with six or seven 
dark cross-shades; head with numerous bluish spots edged with darker; body with round 
dark brown spots, smaller than pupil, most conspicuous on caudal peduncle ; vertical fins 
dusky especially at tip, their basal parts showing pale reticulations around dark spots ; 
ventrals blackish ; pectorals pale, with a large lunate dusky blotch at base. Head 2^ in 
length; depth 3f. D. X, 14; A. Ill, 7; scales l7-67(pores)-32 Humeralis, 70. 

dd. Candal slightly Innate, not forked; body elongate, more compressed than in related species; 
snout pointed; eye shorter than snout, 4^ in head; preorbital narrow, not so broad as 
maxillary, less than half width of eye ; maxillary 2J in head ; gill-rakers rather long, 
X H- 20 ; third, fourth, and fifth dorsal spines about equal, the third twice the second, 2 in 
head ; second anal spine longer than third ; caudal fin slightly Innate ; color grayish green, 
with obscure broad dusky streaks and bars ; sides often shaded and mottled with bluish 
and greenish, but usually without distinct spots ; a broad, dark, longitudinal shade along 
axis of body ; belly plain silvery gray. Head 3 in length ; depth 3 ; D. X, 14 ; A. Ill, 7. 
Scales 14-73-23 Clathratus, 71. 

67. PARALABRAZ NEBULIFER. 

("Johnny Verde.") 

Labrax nehulifer Girard, Proc. Acad. Nat. Sci. Phil., 142, 1854 (Monterey). 

Paralabrax nehulifer Girard, Proc. Acad. Nat. Sci. Phil., 1.*^, 1856, (Monterey) ; Girard, U. S. Pac. E. R. 
Survey, 33, pi. xu, fig. 1, 1858 (Monterey); Gttnther, Cat Fish. Brit. Mus., 1, 62, 1859 
(Monterey). 

Serranus nehulifer Steindachner, Ichth. Beitrage, III, 1, 1875 (Monterey ; San Diego) ; Jordan & Gilbert, 
Proc. U.S. Nat. Mus., 456, 1880, (Monterey; San Pedro; San Diego); Jordan ifc Jouy, Proc. U. 
S. Nat. Mu8., 12, 1881 (San Diego) ; Jordan & Gilbert, Proc. U. S. Nat. Mus., 47, 1881 (San 
Pedro, San Diego) ; Jordan & Gilbert, Proc. U. S. Nat. Mus., 278, 1881 (Ascension Isl.) ; Jordan 
& Gilbert, Synopsis Fish. N. Am., 536, 1883 (Monterey); Jordan, Cat. Fish. N. Am., 83, 
1885 ; Jordan, Nat. Hist. Aquat. An., 413, 1886 (San Pedro ; Monterey). 

Habitat — Coast of Soutberu California from Monterey to Magdalena Bay. 
Etymology. — Nehulifer ^ bearing a cloud, from the coloration. 

This species is common on the coast of southern California. It lives in shallow 
water and is regarded as a food-fish of excellent quality. It reaches a length of about 
18 inches. 

68. PARAXABRAX MACULATOFASCIATUS. 

(Spotted Cabrilla.) 

Serranus mdculatofasciatus Steindachner, Ichth. Notizen, VII, 5, 1868 (Mnzatlan) ; Vailliiut & Bocourt, 
Miss. Sci. an Mex., IV, 72, 1874; Jordan & Jouy, Proc. U. S. Nat. Mus., 12, 18"*l (San Diego) ; 
Jordan & Gilbert, Proc. U. S. Nat. Mus., 46, 1881 (San Pedro; San Diego); Jordan A: Gilbert, 
Synopsis Fish. N. Am., 536, 1883 (San Diego); Jordan & Gilbert, Bull. U.S. Fish Com., 107, 
1882 (Mazatlan); Jordan, Cat. Fish. N. Am., 83, 188.') (name only); Jordan, Proc. U. S. Nat. 
Mus., 376, 1885 (Mazatlan); Jordan, Nat. Hist. Aquat. Aoim., 1886, 414. 

Serranus aeanthophoi^s Bocourt, Ann. Sci. Nat., X, 1870, 223 (west coast of Mexico). 

Habitat — Lower Californian fauna, San Pedro to Mazatlan. 
Etymology,— MaculatuH, spotted; fasciatus, banded. 
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This species is abundant aboat San Diego, and thence sonthward as far as Mazat- 
Ian. It is a good food fish, similar in quality to the preceding species, but reaching a 
smaller size. 

69. PARALABRAX ALBOSiACULATUS. 

Serranus albomaoulatiu Jenyns, Zo6\. Beagle, Fishes, 3, pi. 2, 1840 (Galapagos Archipelago); GUather, 
Cat. Fish. Brit. Mas., 1, 105, 1859 (copied); Steindachaer, Ichth. Beitrage, IV, 4, 1875, pi. 1, f. 2 
(Panama; Galapagos); Jordan, Proc. U. 8. Nat. Mus., 376, 1885. . 

Paralabrax albomaculatus Jordan &, Bollman, Proc. U. S. Nat. Mus., 1889,181 (Charles and Albemarle 
Islands; Galapagos). 

Gomoperca (albomaculata) Gill, Proc. Ac. Nat. Sci. Phila., 1863, 80. 

Serranua humeralU GUnther, Proc. Zool. Soc. London, 1877, 68. 

Habitat. — Galapagos Islands, north to Panama. 
Etymology, — AlbtMy white; maculatua, spotted. 

The specimens examined by us are in the museum at Gambridge and came from 
Indefatigable Island, James Island, and Albemarle Island, of the Galapagos group. 
No. 10,222, 2 feet in length, from Indefatigable Island, is the special type of our de- 
scription. The peculiar and handsome coloration of this species separates it at once 
from the others. According to Dr. Steindachner this species is quite common in the 
deep channels separating the Galapagos islands from each other. Other specimens 
lately examined were taken by the Albatross. 

70. PARALABRAX HUMERALIS. 

Serranus humeralia Cuv. & VaL, II, 246, 1828 (Chili) ; Lesson, " Voyage Coquille, Zool., II, 236;" Gay. 
Hist. Chile, Zool., II, 149, 1847; Gliuther, I, 104 (copied) ; Kner, Neiie Fische aas dem Maseam 
Godeffroy, 1868, 4 (Peru) ; Steindachner, Ichth. Notizen, VII, 3, 186H (Chili). 

Serranus temifusciatus Gay, Hist. Chile, Zool., II, 151, with plate, 1847 (Juan Fernandez). 

Percichthys godeffroyi Giinther (Iquique) (Jide Steindachner). 

Habitat. — Coiustn of Peru and Chili. 

Etymology, — HumeraliSj pertaining to the humerus or shoulder, from the dusky 
shoulder. 

We know this species from specimens (10097) in the museum at Cambridge, col- 
lected at Callao, Peru, by Dr. Steindachner. Thest^ specimens are doubtless identical 
with the very young examples originally described by Cuvier and Valenciennes, 
although their coloration is not quite the same. 

These specimens differ in several respects from the description of Serranus hwne- 
ralis given by Dr. Kner, but all probably belong to one species. 

The figure and scanty description of Serranus semifasciatus Gay seem to agree fairly 
with Paralabrax humeralis.* The general characters, so far as shown in the figure 
agree very well, especially as to the general form, the armature of the preopercle, and 
the forms of the fins. The description is taken from the drawing, and is valueless as 
regards details, the fin rays, except those of the spinous dorsal (x) not being counted. 

The account of the coloration is apparently drawn from life, which doubtless ex- 
plains the difference between it and that above given in the text. 

•Dr. Steindachner observes (Ichth. Beitr., VII, 24, 1878): ** Percichthys godeffroyi^ Giinther, aas 
Iquiqne ist ein Meeresbewohner, gehort zur Jlattung Serranus nnd fUllt mit Serranus humeralis C. V. ^ 
S. semifasciatus Gay zusammen, einer Art die nach Dr. Giinther's systematischer Anorduang der Fiache 
znr Gattnng Centropristis bezogen werdeu uiiisste.'' 
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The following is the original description : 

Senramu semifaseiaitu. 

8. corpore elongatOy sapra cinereo-ccBmleaeente transYerae TittiB mbria fiuciato; eapite laleri- 
bBsquefreqaeQtibiiflpanraliBmacalisrubesceDtibiisyaiiegatis; abdomioe albicante-ecBmlescente ; dor- 
•ali medio emarguiata caadaliqae fascia mbro-ponctatiB; pectoralibas mfas; Yentralibas ac anali 
Digreseentibiifl ; ocnlis mediocriboSy mbria. 

Describimoe Mta especie segan an desefio que hicimoede ella en Joao Fernandez ; esmny paiedda 
de Ice anterioree Serranoe, particalarmente de los dos primeroe; la forma general de an cnerpo ae pro- 
longa baatante ; el dorao eatii redondeado y an altnra ea la cnarta parte de la longitad total ; eabeza 
algo grande, c6nica, y tan larga como la elevacion del Fez ; hocico levemente arqneado ; boca grande, 
y laa doa qoijadaa caai igoalea ; loa dientea no ae perciben en el dibajo ; ojoa medianoa y en medio de 
laoabeza; op^rcnlo fina 6 ignalmente dentado al rededor; ladoraal tiene nna profunda eacotadnra 
entre an parte blanda y la parte eapinoaa ; eata ae compone de diez rayoa adlidoe, loa doa primeros maa 
cortoa que el tercero y enarto, que aon loa mayorea; loa ntroa aeia van diaminnyendo proporcional- 
mente: la parte blanda ea maa larga qne la eapinoaa, ignal en toda an eatenaion y casi triangnlar; laa 
pectoralea aon ovalea y peqnefiaa & proporcion de la eapecie, annqne baatante anchaa ; la anal ea tarn- 
bien peqnefia, con treaeepinaa, de laa cnalea la primera es la maa corta, y la segnnda^ tercera tan 
largaa como loa rayoa blandoa que laa aignen ; la caadal eati nn poco eacotada; no podemoa oontar loa 
rayoa en el dibajo. 

Color : de on azal ceaiciento aobre el dorao, con aeia 6 slate mediaa bandaa verticalea de oolor de 
ladriUo, y loa lados y la eabeza sembrados de infinitaa manchitaa rojizaa ; el veintre ea aznlado, leye- 
mente bafiado de blanqaizo ; la doraal y la caadal tienen manchas rojas aobre an fondo moreno ; la 
pectoral parece bermeja ; laa aletaa abdominalea y la anal aoa negrazcaa. 

Longitad total, 11 palg. 

'' Eata eapecieno ea may comaa en loa mareade Chile/' i^^yt Hiatoriade Chile, tomo ii, pp. 151-152). 

71. PARALABRAX CLATHRATU& 

(Cabriixa.) 

Lahrax clathratu9 Girard, Proc. Ac. Nat. Sci. Phil., 143, 1854 (San Diego). 

Paralabrax clathratua Girard, Proc. Ac. Nat. Sci. Phil., 131, 185G ; Giraivl, U. S. Pac. R. K. Survey, 34, 
1858, pi. xii, fig. 5 (San Diego); GUnther, Cat. Fish. Brit. Mas., I, 63, 1859 (San Diego). 

Atraciaperca clathrata Gill, Proc. Ac. Nat. Sci. Phil., 164, 1861. 

Serranus clathratns Steindachner, Ichth. Beitrage, III, 1, 1875 (Monterey ; San Diego) ; Jordan & Gil- 
bert, Proc. U. 8. Nat. Mus., 456, 1880 (Monterey; Santa Barbara ; San Pedro; San Diego); 
Jordan & Jouy, Proc. U. S. Nat. Mus., 12, 1881 (San Pedro; Santa Barbara; San Diego; Mon- 
terey); Jordan 6l Gilbert, Proc. U. S. Nat. Mus., 47, 1881; Jordan & Gilbert, Synopsis Fish. 
N. Am., 5^5, 1883; Rosa Smith, Proc. U. S. Nat. Mus., 234, 1883 (Todos Santos Bay, Cal.); 
Jordan, Cat. Fish. N. Am., 83, 1885 (name only); Jordan, Nat. Hist. Aqaat An., 413, 1886. 

Habitat, — Coast of southeru California, from San Francisco to the Cerros Islands. 
Etymology, — Clathratus, latticed, from the lattice like markings. 

This is the most abundant species of ParaUibrax on the California coast. It is an 
excellent food fish, and it reaches a weight of nearly 5 pounds, and length of 18 
inches. 

Genus XVII.— CBNTROPRISTIIS. 

Centropristes Cuvior, R^gne Animal, Ed. 2, 1821) (nigricans). 

Centropristis Caviar &, Valenciennes, Hist. Nat. Poi8S.,IIl,56, 1829 (nigricans). 

Triloburus Gill, Cat. Fish. East. Coast U. 8., 30, 1861 (name only, trifurca). 

TYPiL. — Corypha^na nigrescens Bloch & Schneider = Perca striata L. 
Etymology, "^Kivrpuv^ spine; TzptaTTj^, saw. 
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This genas is very close to SerranWj from which it differs chiefly in the form of 
the upper part of the skull, which approaches somewhat more nearly to the condition 
seen in the Epinephelince. The snpraoccipital crest is much longer than in SerranuSj 
and it encroaches more on the frontal region. The three species of OentropristU are 
closely related, and are not very different from the species of Paralabraa. 

ANALYSIS OF 8PBCIB8 OF CENTROPRISTES. 

a. Dorsal spines with dennal flaps, which scarcely project heyond the tip of the spine ; longest dorsal 
spine less than half length of head {CentroprUtis). 
h. Caudal fin with its angles little produced, the longest ray not exserted for a distance eqnal to the 
length of the fin ; gill-rakers about 20 ; scales on cheek in more than seven rows ; body robnst, 
the back somewhat elevated anteriorly ; eye small, nearly 5 in head ; lower Jaw projecting ; 
maxillary 2i in head ; teeth in broad bands, the canines small ; posterior border of preoper- 
cle finely serrate, the angle and lower border with larger teeth; dorsal spines rather strong, 
the middle ones rather higher than the posterior, which are lower than the soft rays ; highest 
dorsal spine 2 in head ; none of the spines filamentous ; pectorals very long, 1^ in head ; anal 
spi/ies graduated; color dusky browu or black with paler longitudinal streaks; dorsal with 
oblique light and dark stripes ; young with a black longitudinal band, many dark cross- 
shades, and a large black spot on last dorsal spines. Sexes notably different, the fin rays 
longer in the male. Head, 2f in length; depth 3. D. X, 11 ; A. Ill, 7. Scales 5-52-13. 

Stbiatus, 72. 
bh, Candal fin with its upper and lower lobes filamentous, much produced, the middle rays still 
longer, length of longest ray in the adult 2 iu body; gill-rakers about x -|- 12; scales on 
cheek in seven rows ; color grayish, each side with three longitudinal rows of quadrate black 
blotches, the upper series obscure, the second from eye below the lateral line to caudal quite 
didtinct, the third series composed of shorter spots on a level with the lower half of the pec- 
torals; some jet-black spots about opercle and above axil; dorsal with a series of Jet-black 
spots along its base ; caudal with the middle rays black at their tips, the outer pale ; Jet-black 
spots on middle rays. D. X, 11; A. Ill, 7, lat. 1., 52 OcYURU8,73. 

aa. Dorsal spines, or some of them, tipped with fieshy filaments, which project considerably beyond the 
tip of the spine; longest dorsal spine about half length of head ; caudal lobes more or less 
produced {Triloburu$ Gill). 
0. Body rather elongate, little compressed, the anterior profile nearly straight ; eye large, as long 
as snout, about 4 in head ; mouth large, the lower Jaw projecting, the maxillary 2 in head, 
reaching beyond middle of eye ; lower edge of subopercle, interopercle, and preopercle finely 
serrate, the serrie on he angle scarcely enlarged ; gill-rakers rather long, about x -f- 12 ; canines 
small ; top of head naked ; ten rows of scales on cheek ; dorsal spines slender, graduated 
rapidly to the third or fourth, thence decreasing to the last ; fourth dorsal spine 2 in head ; 
anal spines graduated, the second 4 in head ; pectorals 1^ in head ; color olive-gray ; sides 
with about seven broad, diffuse, brown bars extending from back obliquely forward to level 
of pectorals ; a large black spot on membrane of last dorsal spines ; dorsal filaments scarlet ; 
caudal with irregular cross-rows of round brownish spots ; other fins similarly marked. Sexes 
little different. Head 2| in length ; depth 3^. D. X, 11 ; A. Ill, 7. Scales 6-52-14. 

Philadelphicus, 74. 

72. CBNTROPRISTI8 STRIATUS. 

(The Black Sea-bass, Black-fish, Tally-wag, Hannahill, Black-will, Black Harry.) 

Labrua striatua Linnceus, Syst. Nat., £d. x, 1758, 285 (''America,^') description very brief, but not to be 
referred to any other fish). 

Perca atraria Linmeus, Syst. Nat., xii, 485, 1766 (Carolina) ; Gmelin, Syst. Nat., 1314, 1788 (copied) ; 
Bloch &, Schneider, Syst. Ichthy., 88, 1801 (copied) ; Gronow, Syst., £d. Gray, 111, 1854 (copied). 

Centropriatia atrariua Giinther, Cat. Fish. Brit. Mus., I, 86. 1859 (New York); Holbrook, Ichth. S. Caro- 
lina, 42,1860 (Carolina); Gill, Cat. Fish. East Coast N. Am., 28, 1873; Goode &. Bean, Fishes 
Essex Co., 19, 1879 (Nahant ; Salem ; Beverly Bar). 
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Serranus atrariua Jordan & Gilbert, Synopsis Fish. N. Am., 533, 1883 ; Goode & Bean, Proc. U. S. Nat. 
Mas., 238, 1882 (Gnlf of Mexico) ; Jordan & Gilbert, Proc. U. S. Nat. Mus., 600, 1882 (Charles- 
ton); Bean, Cat. Internat. Fish. Ex. Lond., 61,1883 (Matanzas Eiver Inlet, Fla.); Jordan & 
Swain, Proc. U. S. Nat. Mas., 231, 1884 (Cedar Keys, Fla.) ; Jordan, Cat. Fish. N. Am., 82, 188:- 
(name only); Goode, Nat. Hist. Aqnat. An., 407, 1886; Jordan, Proc. U. 8. Nat. Mus., 1886, 2T 
(Beaufort, N. C). 

BlacJcfiah Schopf, Schriften der Natnrforsch. Freunde, Berlin, VIII, 164, 1788 (New York). 

Percafurva Walbaum, Artedi Pisoium, 336, 1792 (after Schopf). 

Serranusfurvus Jordan, Proc. U. S. Nat. Mus., 546, 1884; Jordan, Cat. Fish. N. Am., 82, 1885. 

Coryphcma nigrescens Bloch & Schneider, Syst. Ichthy., 297, 1801 (New York). 

Lutjanua trilobus Lac^p^de, Hist. Nat. Poiss., lY. 246, 1802 (locality unknown). 

Serranus nigrescens Jordan &. Gilbert, Synopsis Fish. N. Am., 917, 1883. 

Perca varia Mitchill, Report Fishes N. Y., 415, pi. 3, figj. 6, 1815 (New York). 

Centropriatis varius Putnam, Proc. Essex Inst., 144, 1855 (Salem Harbor); Storer, Hist. Fish. Mass., 58, 
pi. ii, fig. 4, 1867. 

Centropristes nigricans Cuv. & Yal., Hist. Nat. Poiss., Ill, 37, pi. 44, 1829 (New York) ; Cuvier, '*R^gne 
Animal, Ed. Val., pi. 9 a, fig. 18;'' Storer, Fish. Mass., 9, 1839 (Holmes' Hole); Dekay, New 
York Fauna, Fishes, 24, 1842, pL ii, fig. 6; Linsley, "Cat. Fishes Conn., 1844;" Storer, 
Synopsis, 287, 1846. 

Centropristes rufus Cuv. & Yal., Hist. Nat. Poiss., Ill, 47, 1829 (Martinique f ) ; Storer, Synopsis, 288. 
1846 (copied). 

Serranus rufus Jordan, Proc. U. S. Nat. Mus., 1886, 533 (note on type of C. rufus). 

Habitat — Atlantic coast of CTDited States, Gape Ann to Florida. 

Etymology, — Striatus^ striped. 

. 

This is one of the common food fishes of our Atlantic coast, from Gape God at 
least as far sonth as the northern parts of Florida. It reaches a weight of about 3 
pounds, and the quality of its flesh is excellent. Holbrook has maintained that the 
northern form of this fish {Perca striata =:furvm = nigricans) is distinct from the 
southern atrarius. The northern form (striatus) is said to have the air-bladder simple 
and the pectoral fin as long as the ventrals. In the southern fish (atrarius) the air 
bladder is sacculated and the pectoral longer than the ventral. We have been unable 
to verify these differences and doubt their permanence. There are, however, marked 
sexual differences in the adult fishes, the male having the fin rays more prolonged and 
the form of body different. 

The specimens before us are from Wood's Holl, Beaufort, Gharleston, and St. 
Augustine. 

The type of Centropristes rufus has been examined by us in the museum at Paris. 
It is probably an ordinary striatus, with the caudal fin somewhat mutilated, and it 
very likely came from New York rather than from Martinique. 

Lahrvs striatus Linnseus, with D. X, 11 ; A. Ill, 8, with the dorsal spines 
" ramentaceous,'' and the body marked with lines alternately brown and white, must 
have been the young of some Centropristis^ in all probability of the present species. 

The name striatus, being given in the tenth edition of the Systema Naturae, has 
priority over atrarius, 

73. CENTROPRISTIS OCYURUS. 

Serranus trifurcus Goode & Beau, Proc. U. S. Nat. Mus., t238, 188'2(Gulf of Mexico); Jordan & Gilbert, 
Proc. U. S. Nat. Mus., 273, 1882 (Pensacola); Jordan & Gilbert, Proc. U. S Nat. Mns., 307, 
18H2 (Gulf of Mexico); Jordan <fe Gilbert, Synopsis, 917 (Gulf of Mexico) (not Perca trifurca L. ) 

SerranuH philadeiphicitH Jordan & Gilbert, Proc. U. S. Nat. Mus., 143, 1883 (Pensacola) (not type). 

Serranus ocyurus Jordan &, Evermann, Proc. U. S. Nat. Mus., 468, 1886 (Pensacola). 
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only; gill-rakers moderate, rather slender; third to sixth dorsal spines greatly prodaoed, ex- 
tending far beyond the membrane ; the fonrth highest, more than one-third length of body ; 
first -and second spines yery short; soft dorsal naked; oandal fin slightly Innate, abonthalf as 
long as head ; yentral shorter than pectoral, which is 2^ in head ; color greenish gray aboyet 
with darker clouds or obscure cross-bands, which disappear in spirits. Head 2^ in length ; 
depth 3fto4. D. X, 12; A. Ill, 7. Scales, 9-6^-22 AOASSizn, 75. 

75. CRATINUS AQASSIZIL 

CratinuB agassizii Steindachner, Ichth., Beitr., VII, 19 (Galapagos Islands). 

Habitat — Galapagos Archipelago. 
Etymology. — ^Named for Loais Agassiz. 

We have examined two specimens of this singalar species, collected by the Alba- 
tross at Oharles Island, one of the Galapagos. The largest is about 18 inches long. 
The posterior half of the body resembles that of the species of Paraldbrax; the long, 
low head suggests Philypnus. 

Genus XIX.— DULES. 

Dulea Cnvier, R^gne Animal, Ed. II, 1829 {auriga). 

Type, — Dules auriga Ouv. & Val. 

Etymology.* AouUq^ a slave, the fish being under the lash of the long dorsal spine. 

This genus contains but a single known species. It is very close to Prionode^j 
from which it differs in the presence of but six branchiostegals, and in the whip-like 
prolongation of the dorsal spine. It also bears considerable resemblance to Centropris- 
tis. Most of the species referred by Cuvier and Valenciennes to Dules belong to the 
genus Kuhlia Gill (= Moronopsis Gill = Paradules Bleeker). 

ANALYSIS OF 8PECIKS OF DULES. 

a. General form of Centropriatis ; branohiostegals 6, the first beiug obsolete ; body rather deep and com- 
pressed, somewhat as in HypopleotruSt but less deep; anterior profile steep and nearly straight; 
mouth rather small, the lower jaw protruding; preorbital rather narrow, as broad as pupil; top 
of head naked ; the frontal area large and well defined, broader than long ; occipital crest low 
and short, shorter tban the frontal area, the cranium much as in Paracentropristis kepatut ; 
teeth small, with no marked canines; gill-rakers rather short and slender, x -f- 9; maxillary 2f 
in head; eye 3|: snout 4. Scales large, those above in series parallel with the lateral line; scales 
on breast small ; third dorsal spine extremely long, reaching beyond middle of soft dorsal ; other 
spines all short and even ; soft dorsal moderate, a little scaly at base : dorsal not notched ; 
caudal truncate; second anal spine 2§ in head, as long as third, and a little stouter; pectoral 
l^y) in head. Coloration in spirits, brownish; a dark area from front of anal up to soft dorsal ; 
before this a whitish area, u[)per parts with dark streaks along the rows of scales, these faint 
and not continuous; a dark band upward from middle of base of veutrals; fins clouded. Head, 
2f in length; depth, 2}. D. X, 13; A. Ill, 7. Scales, 49. Auriga, 76. 



• Par ce nom de denies {esdave) nous avons vouln indi^ner la ressemblance de ces poissons avec 
ceux que depuis longtemps nous avons apiM*l<^s the'rap<yn8y nom qui lui-m^me, asscz arbitral re, nVst 
que la traduction de I'^pith^te donnee a respt*ce de th^ra^mn decrite le plus aucienuement {rHolocen- 
trwt MTTtM de Bloch).— Cuv. &, Val., Ill, 111. 
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76. DX7LES AITRiaiL 

DuU$ auriga Cav. & Val., Hist. Nat. Poiss., Ill, 112, 1829, pi. 51 (Brazil); Dekay, New York Fanna, 
Fishes, 1842, 34, pi. 10, f. 34 (New York — probably an error); Jenyns, Zool. Beagle, Fishes, 
1840, 16 (MaldoDado Bay, Rio Plata) ; Castelnau, Anim. Noay. oa rares Ain^r. Sad, 1855, 6 
(Rio Janeiro); Gtiuther, I, 266 (Bahia) ; Jordan & Gilbert, Synopsis N. A. Fishes, 1883, 542 (de- 
scription from the original type); Jordan, Proc. Ac. Nat. Sci. Phila., 1884, 98. 

Habitat. — Ooast of Brazil. 

Etymology. — Auriga^ a coachman, from the whiplike Corsal spine. 

Onr account of this species is taken from several specimens (4531, M. 0. Z«), the 
longest about 5^ inches long, collected by Professor Agassiz at Bio de Janeiro. The 
species seems to be not rare on the Bazilian coast, but there is no evidence of its 
occurrence in the West Indies or northward. 

Genus XX.— PARAOENTROPRISTIS. 

ParaoentropriatiB Klunzinger, Fische dee Rothen Meeres, 1884, 16 {Kepaiu»), 

Type. — Lahrus hepattis Linnsens. 

Etymology. — llapdy near ; Oentropristis^ an allied genus. 

This genus contains a single species, found in the waters of southern Europe. It is 
like Prionodea in many respects, but it has the top of the head closely scaled, a char- 
acter very unusual among the Serraninw. 

Olosely allied to Paracentropristis is the Japanese species Oentropristis hirundina- 
ceus 0. & y., but as this species has the caudal deeply forked, it will probably prove 
to be the type of a distinct section or genus. 

ANALYSIS OF SPECIES OF PARACENTROPRISTIS. 

o. Top of head closely scaled, as far forward as front of eyes; caudal fin very slightly Innate; acales 
large, about 50 in the lateral line ; body rather deep, little compressed, dorsal outline from 
snout to end of dorsal forming an even curve; eyes large, longer than snout, 3^ in head; 
mouth large, the maxillary reaching middle of eye; nine rows of scales on cheek; gill-rakers 
moderate, about x -(- ^3; lower Jaw slightly projecting; fourth dorsal spine highest, 2^ in 
head ; second anal spine higher than third, 3 in head ; pectorals long, reaching front of anal. 
Color pinkish with about five dark cross-bars, the fonrth Y-shap^ ; ventrals and base of anal 
blackish ; a Jet-black spot on soft dorsal in front; fins otherwise pale, with faint dark markings. 
Head, 2} in length; depth. 3. D. X, 12; A. Ill, 7. Scales, 5-48-15 Hepatus, 77. 

77. PARACBNTROPRISTia HEPATUa 

(Sacchetto.) 

Lahru9 maxilla inferiore longiore, etc., Artedi, Genera, 35, 1738. 

Labnu hepaiua LinnsBUs, Syst. Nat. X, 282, 1758 (after Artedi); Linnaoos, Syst. Nat., Ed. XII, 474, 1766 

(and of the various copyists). 
Ilolocentrus hepatuB Risso, Ichthyol., Nice, 292, 1810. 
SerranuM hepatus Cnv. & Vai., Hist. Nat. Poiss., II, 231, 1828 (Naples); Gnichenot, Explor. Sc. Alg^r., 

Poiss., 34, 1850 (and of most recent writers). 
Centropri8ti» hepatus Giinther, Cat. Fisb. Brit. Mus., I, 84, 1859. 

Lahrua adriaticus Gmelin, Syst. Nat., 1297, 1788 (Adriatic Sea) (after Brtinnich, p. 98). 
Lahrus fuacorittatus Bonnaterre, Encycl. M^th., 110, 1788 (aftor Briinnich). 
Holooeutrus striatus Bloch, Ichthyologia, t. 2:^'>, fig. 1, 1790. 
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Lmkriufa9cUUi» Walbmam, Artedi, Piseiam, 1792, 266 (after BrOnoieh, p. 96). 
Lmhrmt tpmim^mnM Bloch A, Schneider, Syst. leth., IdOl, 256 (after Brannich). 
B^0€€mtru9 truummtkm* Lac^pMe, Hist. Nat. Poias., lY, 376, 1803. 
H^iotemtrut tigm^moUu De U Roche, *<Ann. Mas., XIU, 35^ pi. 22, fig. 8, 1899." 

HabitaL — Mediterranean Sea. 

EhfWMloffjf.—^ H7:^Q^ (firom {xa/», liver), a name osed by Aristotle to designate some 
sort of fish, probably the haddock. 

This little fish is abundant in the Mediterranean and adjacent waters. Oar ^leci- 
mens are firom Palermo and Venice. 

The relationships of this species seem to be with the American spedes of ^IVto- 
modetJ^ Dr. Giiuther refers all these species to CtmtroprutU. They agree with the 
latter genns in the short soft dorsal and in the moderate size of the canines. The 
skall is, however, notably different firom that of C. Mtriatm^ and similar to that of 
SmnajNU Mrite. 

Genns XXU.— DIPLECTRUM. 

Dqslectmm Holbniok. IchthTolo^ of Soath Can>lina, £•!. 1, 32. l!£6 {fmsKiemUriM^fi 
Hidipercai GUU Proc. Ac. Nas. Sci. Phila., l;:6i« 2)6 ^hiwUUtmM = rwiMia ) and other 
to UHttmtm* by Jortlan & Giibi^rt, Synopsis, 535). 

Typk. — Serramus fa9e%cmlar%4 Cav. & VaL = Peremfarmam Linn^ns. 
Etymologiy, — Ji^ two; jrX^xrpory spar. 

This genns is vnt dose to Serrmmus^ fitHu which it differs chiefly in the armature 
of the pre^^peide. This character is little marked in yoang examples, whick agree 
essentially with Priomode$ in generic characters 

Five species are now known, two of them with many syiioiiym& 

ANALYSIS OF SFKCIES OF DIFIXCTSnC. 

a. Pnfop»ercIe w.:h two clusters of diver^ni *^»ia-es. i:ix!' one as tifc* aa^^ tiie oiiier bibber (tb« t^o 
:a9c:c1«::» veil ^para:ed ia the adalu b^: soialler aod Ck.xaleise«&i ia the yoa::^: ^Di^l e e 

h. Head azd body •n.trked wiih ziany larempte*! blue linets: U3dy e>~xa;e. the pc\>dle atraoglj 
arvhed abore ejes ; ntoaih lar^. lover jaw sli^tlv projecii^ : aLaxiHarr sarrov. r«ach- 
i:ij: middle o«" eye, it ia brad : ca:ii3*e teeth seaIa : eye placed b^h. scocter thaa SDOQt, 
aU.v2t 5 :a head : preorbital brv^id, more thaa tv.ce t2ae vrdth of m.k\- "trv : ^pper part of 
asar^iz. v»f pn»^>pen:Ie d-eiy serra:e : l%>«"er hAlf v^th scroop. 9Kra:^b.: 5c-ie5^ div-^r^i^ frois 
fv .^ vTriier* : jr^-raker» shors azd small- x— * : top of be*d anc pnecrV.ral re^riido aaked : 
sc«.o-:b ar>*a en :op of craciTai ^^tj ^roarei : elevea r>w^ of ^*alet$ 03 ci.«eei:s : isss. exccfKt 
cAi'iAl, scal^Ie*: d>c^al spLtte* .yw ^z^i ileai-rc. the drss tbre^ iriidiA:«-vL lie nasi aab 
ec'zal : ca:i*ial d-ee^x l^uiLAie. ihe x:»»r >*•:•* the k>c,cer. Joaae:i=:e> eii-iiT^ :- a ^scx iia- 
B&es.: : azaI sc-z^e* vety v^^k. the ihiri loc^wc. If -la rrye. FVfvior*! li .i h<eai^ C^xkic 
brrj'v'z:^ K-'-jry Srlo-w : s:-!-** «"::h se^r- or eiirt: loc^:: idisil ieer^>" 2»t 1 r*^ aasd aboct a^ 
ziazj iArk crTatts-':*r«w :i«^ -fcst bar :-:ir=^zz a larp* b;.*ck bloCvb a: -ivvr i^fcw *£* ra.>d a : 
yo:z^ ""^.Th r*-? :ra»: iz-ikj '''^^'Zri zxl strrrv^ »h:.-^ Ssxxrae -i:;?.-r: r;*^: w:ii Ac*-; 
ihrrr cr zi'ZT disc:-:": li- *zr.z»^ :c side?* *>: top >v iev*i.i : twv *<:*.>» r:^;v»r>w:AL :b» 
Icv-rr ::rk^: fx* ▼ :: zArr:-*'. ▼i'^y tArs of blze x-i r^a.e >-. ' .'* H*a- .' .r .erx^i . 

OJc:]i. ^V D i. li : A. :::. T. Sca:-^ >-«:*^lf __ >/^x.>>nLr>- 

Pree^rcle "^^'.th a ?cz^"-r .-'. v- : i -*rz^3.r>r : the soizV.e* aK^^i: "> a^^ ? i*.* »d:.^: a* »^eill 
as -Z ti"? ~-*«iz^ ^t J*-'.** *!' II . 

k S^^i-Zsw oz ?r>:^ red p^'crn -c rt preic? :«^r"> z z-r-r :^ '^ : - "X" - r ^rx Vc .n-: *v' .*. '^ - >.-. s»*o* a.v- 
jSA. zz ^ode^ha; !^:!1t-*i. «•: 'i^i ti- i : ^ zi-. r*T i.T^:.!» ivv^Kx.; :.J;.*a «^^ai-a ;aw> 

e«^.LA.; verieA zAkjec . -c«rTi*»r :.ACiL w :z -. 
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0. Piodaoed part of preoperole very broad, its (vertical) breadth aboat one-third leb^^th of head to 
end of opercular spine; gill-rakers, x-f- 12; eye and head about as in D, radiale; longest 
dorsal spine 3 in head ; scales smaller than in D. macropi^ma; six or seven rather irregular 
rows on cheek. Color dull brownish, with four or live vague, dusky cross-bars, and a large 
dark spot at base of caudal ; snout and preorbital with vague, pale blotches ; base of soft 
dorsal, blackish ; fins without blue spots ; dorsal plain ; caudal with an oblique white tip 
to each lobe; ventrals black. Head, 2f; depth, 3^. D. X, 12; A. Ill 8. Scales, 7-54-18. 
Eye, 4in head. Snout, 3f Edryplectrum, 79. 

cc. Produced portion of preopercle not very broad; its (vertical) breadth not more than one-fourth 
length of head. 
d. Scales on cheek large and irregular, in five or six rows; width of preopercular process about 
one-fourth head ; its posterior edge truncated ; general form of body and head essentially 
as in D. r€tdiaU) gill-rakers x-f- 10; longest dorsal spine 2f in head. Coloration (like 
other characters) intermediate between 2>. ewryplectrum and D. radiale; brownish, with 
numerous traces of vague, dark cross-bars ; a very distinct black caudal spot ; snout 
with four or five pale blotches; a pale streak from below eye across preopercular augle ; no 
black at base of soft dorsal; the fin with very faint traces of blue spots; caudal plain, 
darker toward tip; ventrals pale. Head, 3f; depth, 3^. D. X, 12; A. Ill, 7. Scales, 

5-48-14. Snout, 4 in head. Eye, 4 Macropoma, 80. 

dd. Scales on cheeks small and regularly placed in about ten rows ; width of preopercular process 
4^ to 5 in head, its posterior edge rounded ; gill-rakers x -(- 10, short and slender, well sepa- 
rated ; region above the large eye prominent; snout short, blnntish ; cheeks with ten rows 
of scales ; these regularly placed ; serrse on preopercle much produced in the adult ; short 
in the young; upper lobe of caudal little produced ; longest dorsal spine 2| in head. Body 
light brown above, dull yellowish below ; the scales on sides each with a silvery center; 
irregular, vague, dark cross-bars, broader than the interspaces ; a black bar at base of cau- 
dal; usually uo blue lines or white areas on head; soft dorsal with bright blue spots, each 
surrounded by a dark blue ring; caudal with bars of similar spots; young with two black 
longitudinal stripes, the lower forming a spot at base of caudal. D. X, 12 ; A. Ill, 7. Scales, 
8-51-20 Radiale, 81. 

56. [Spines at angle of preopercle about four in number; scales small ; color uniform brown, with- 
out bands or spots ; brown on the back, silvery below ; spinous dorsal marbled with violet; 
soft dorsal obliquely striped with violet and yellow ; caudal immaculate ; ventrisls black- 
ish. D.X, 12; A. 111,6.] (Cuv. &Val.) Conceptione, 82. 

78. DIPLECTRUM FORMOSUM. 

( Squirrel- FISH ; Serrano.) 

Perca farmoaa LinnsBus, Syst. Nat., Ed. XII, 488, 1766 (Carolina); Gmelin, Syst. Nat., 1322, 1788 (copied) . 

aud of the copyists; partly confused with Hasmulon plumieri, to which species some of the early 

references belong. 
Serranu9formo8us Jordan, Proc. U. 8. Nat. Mus., 35, 1884 (Pensacola) ; Jordan, Proc. U. S. Nat. Mus., 

39, 1884 (Pensacola); Jordan, Proc. U. S. Nat. Mus., 125, 18«4 (Key West) ; Jordan, Cat. Fish. 

N. Am., 82, 1885 ; Jordan, Proc. U. S. Nat. Mus., 1886, 39 (Havana). 
Serrannt radians Qnoy & Gaimard, Voy. de TUranie, Poiss.,313, tab. 58, fig. 2, 1824. 
CentropriatU radians Gtinther, Cat. Fish. Brit. Mus., I, 83, 1859 (Brazil; Montevideo). 
Diplectrum radians Poey, Ann. Lye. Nat. Hist., 34, lb71 (Cuba) ; Poey, Enumeratio, 23, 1875. 
Serranus irradians Cuv. &, Val., Hist. Nat. Poiss., II, 244, 1828 (Montevideo). 
.Serra»i«/<McicMZam Cuv. & Val., Hist. Nat. Poiss., 11,245, pi. 30, 1828 (Brazil); Cuv. & Val., Hist. 

Nat. Poiss., IX, 431, 1833 (Charleston); Cuvier, Rfegne Animal, 1829; Storer, Synopsis, 280^ 

1846 (copied); Jordan & Gilbert, Synopsis Fish. N. Am., 534, 1883; Jordan & Gilbert, Proc! 

U. 8. Nat. Mus., 273, 1882 (Pensacola). 
Centropristis fascicularU Gdnther, Cat. Fish. Brit. Mus., I, 83, 1859 (Brazil ; Charleston). 
Diplectrum faacioulare Holbrook, Ichth. S. Carolina, 1860 (Charleston); Poey, Repert., I, 195, 1867; 

Poey, Synopsis, 282, 1868 (Havana); Gill, Cat. Fish. East Coast N. Am., 28, 1873. 
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Habitat — West Indian faana ; north to Charleston, soath to Montevideo. 
Etymology. — FormosuSy handsome. 

This handsome ftsh is common on the south Atlantic and Oulf coasts of the United 
States on rocky bottoms at a moderate depth. It reaches a length of little more than 
a foot. 

We have examined specimens from Charleston, Pensacola, Key West, Gaptiva 
Key, Havana, Pemambnco, and Eio Janeiro. These specimens show no evident 
specific differences; bat the differences dae to age are somewhat considerable. The 
smallest specimens before us (2 inches long) have a very distinct dark lateral band 
running from the tip of the snout and ending in a dark spot at the upper base of 
caudal fin ; another (paler) band runs from upper part of eye to base of last dorsal 
rays \ another from above eye along base of dorsal. These bands are sharply defined 
in the young, and traces of them are usually found in all examples. In the smallest 
specimens the preopercle is simply but coarsely serrate with a salient angle ) in larger 
ones a portion of the preopercle is prolonged backwards and its spines begin to radi- 
ate. In examples of 4 inches the spines are not yet divided into two fasciae, but later 
they begin to show radiation from two distinct centers. In specimens of 7^ inches 
the two fascicles of spines are distinct. In the largest the upper lobe of the caudal 
is filamentous. 

We adopt the name/ormo«t« for this species, as it is evidently the original Perca 
formosa of Linnaeus, sent from Charleston by Dr. Garden. 

79. DIPLECTRUM EURTPLECTRUM. 

DipUcftrum eurypleoirum Jordan &, Bollman, Proc. U. S. Nat. Mas., 1889, 157 (Sea between Panama 
and Galapagos Islands). 

Habitat — Pacific coast of South America. 
Etymology, — ^Eopoq^ wide ; nXijxTpovj spur. 

This species is known from numerous specimens dredged by the Albatross at a depth 
of about 35 fathoms. It is found in company with D. macropomaj a species which it 
closely resembles, and into which it may possibly be found to intergrade. 

80. DIPLECTRUM MACROPOMA. 

Centropristi9 macropoma Gtinther, Proc. Zool. Soc. London, 145, 1864 (Panama) ; Giinther, Fish. Cen 

tral Amer., 409, pi. Lxv, 1869 (Panama). 
Diplectrum macropoma Jordan & BoUman, Proc. U. S. Nat. Mus., 1889, 157 (Panama and Houthward). 

Habitat — Pacific coast of tropical America. 
Etymology. — Maxp6^^ large ; nwfia^ opercle. 

This species, hitherto known from a single young example which we bad supposed 
to be the young of D, radiale, was obtained in abundance by the Albatross with the 
preceding in the sea south of Panama. A few specimens were also taken at Panama. 

81. DIPLECTRUM RADIALE. 

Serranus radialis Qnoy & Gaimard, Voyage Urauie, 316,IH*24 (Rio Janeiro); Cuv. & Val., Hist. Nat. 

Poiss., 11,243, 1828 (Rio Janeiro); Cuvier, R^gne Animal, 1829 (name only) ; Jordan, Cat. 

Fish. N. Am. 82, 1885; Jordan, Proc. U. S. Nat. Mas., 376, 18a''> (Gulf of California; Panama). 
Centropristis radialis GUntlier, Cat. Fish. Brit. Mus., I, 83, 1859 (Bahia); Steindachner, Ichth. Beitrage, 

IV, 6, 1875 (Brazil). 
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D^leetnm radiate Streets, BolL U. 8. Nat. Mas., VII, 1877 ; Jordan, Proo. U. S. Nat. Mos., 1889, 181 

(Panama). 
8erranu8 bivitiatuB Guy. & Yal., Hist. Nat. Poiss., II, 241, 1828 (Martiniqae) ; Storer, Synop. Fish. N. 

Am., 279, 1846 (copied). 
CenirapriBiU hivittatu8 Gtinther, Cat. Fish. Brit. Mas., I, 82, 1859 (Martinique ; Cuba). 
Hdliperca bivittata Poey, Synop. Piso. Cnbens., 282, 1868 (Havana); Poey, Ennmeratio, 22, 1875 

(Havana). 
Centropristea ayresi Steindachner, Ichth. Notizen, VII, 1, 1868, Taf. I, fig. 1 (Santos). 

Habitat — Both coasts of tropical America. 

Etymology. — BadialiSj radiant, from the radiating preopercalar spines. 

Dr. Steindachner has already noted the identity of his Centropristes ayresi firom 
Santos, Brazil, with Diplectrum radiale. With Dr. Steindachner we find no difference 
between Atlantic and Pacific examples, although the other Pacific species, D. maoro- 
pomaj seems to be a peculiar form. 

It seems evident that the Serranus bivittatus is merely the yoaugof this species. 
Specimens sent to ns from Cnba by Poey confirm this supposition, as they differ from 
radiale precisely as the young differs from the adult m/ormosum. 

We have examined specimens oi Diplectrum radiale from Guaymas, Panama, Sam- 
baia, Bio Janeiro, and Havana. 

82. DIPLECTRUM CONCBPTIONB. 

Serrantts conoeptionii Cav. &. Yal., II, 246, 1828 (Concepcion de Chile) ; Lesson, "Voyage Coqnille, ZooL, 
II, 236 ; " Gay, Hist. Chile, ZooL, II, 148 ; Gttnther, I, 84. 

Habitat. — Coast of Ohili. 

Etymology. — From Ooncepcion de Chile, where the species was first found. 

We know this species from the account given by Cuvier and Valenciennes of a speci- 
men 4} inches long. It seems to be a Diplectrum^ and it is doubtless distinct from D. 
radiale^ its nearest relative. 

Genus XXII.— SBRRANUS. 

Serranus Cavier, R^gne Animal, Ed. 1, 1817, 276 (based especially on the '< Serran " or ** Perohe de mer" 

of the coasts of the Mediterranean). 
Serranus Cavier, R^i^ne Animal, Ed. II, 1829 {cahrUJa, '^ le Serran proprement dit "). 
Prionodea Jenyns, Voyage Beagle, Pishes, 1840, 46 ( faBciatu8=p8iHacinu&). 
Haliperoa Gill, Proc. Ac. Nat. Sci. Phila., 1862, 236, in part {hivittaiu9=^radiali9). 
Mentiperca Gill, Proo. Ac. Nat. Sci. Phila., 1862, 236 {ludapercanuB), 
Pseudoserranus Klnnzinger, Synopsis der Fisohe des Rothen Meeres, 687, 1870 (in part, not type, 

which is Variola Jouft). 
Serranellua Jordan, subgenus nova (fori'^a). 

Type. — Perca cabrilla Linnaeus. 

Etymology. — Serran^ the French name of Serranus cabrilla and related species. 

The genus Serranus as defined in this paper contains numerous species, mostly of 
the New World, and representing a considerable variety of forms. 

To this genus, however, belong but a small i>ortion of the species called Serranus 
by Gunther, and the writers who have followed his arrangement, in which nearly all 
the EpinephelincB are referred to this very different genus. On the other hand, most 
of the species called Centropristis by these authors are either near allies of Serranus 
eahrillaj or else members of the very different subfamily Lu^anince. Few European 
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writers except Bleeker, Yaillant, Elanzin^er, and Doderlein have recognized the 
wide divergence of Serranua and Epinephelus. Bleeker, who saw this clearly, prop- 
erly retained the name Serranus for its original type and retained the old name EpU 
nephelm for the group to which it was first given. Doderlein, for no obvious reason, 
substitutes the later name Cerna for JEpinephelt^^ while Klunzlnger perversely and 
needlessly changes these names about, calling the Upinepheli <' Serranus^ and making 
a new name for Serranus.^ 

Under Serranus we recognize several subgenera of more or less importance^ some 
of which have been often regarded as distinct genera. Of these^ Prionodes contains 
most species, American species, with shorter fins and smaller teeth, being weaker repre- 
sentatives of the European Serranellus. The two European species scriba and cabrilla 
difier considerably in the position of the lateral line, the latter species diverging from 
the usual Serranine type and approaching the Anthiince. The greater number of 
gill-rakers is also an indication of the same kind. In view of this difference, I have 
proposed a new subgeneric name for the type of Serranus scriba. 

ANALYSIS OF SPECIES OF SERRANUS. 

I. Dorsal fin rather short, its rays X, 11, or X, Vi ; canine teeth moderate or small ; dorsal fin with few 

scales or none ; species of small size, American. 
a. Candal fin trnncate. 

h. Scales large, 42 to 50 in the course of the lateral line ; second anal spine considerably lon^^r 

than third, about 2^ in head. Body deep, compressed, the head 

comparatively slender, the anterior profile straight or somewhat 

concave; lower jaw little projecting; maxillary reaching beyond 

middle of eye, 2^ in head ; canines small, those on sides of lower 

jaw largest; preopercle rounded, subeqnally serrate; gilNrakers 

short and few, 6 or 8 in number; dorsal fin little emarginate, the 

fourth spine 3 in head ; jawsscaleless ; soft dorsal with small scales; 

pectoral long, reaching anal ; color brown, with darker cross-shades; 

soft dorsal, anal and caudal fins checkered with blackish on a white 

ground; a broad white area or bar before anal fin. 



•Dr. Klunzinger remarks : ** Bleeker nennt die Serranua jetzt J^pinephelus. Dieso Sucht, alteNamen 
hervorzusuchen, halte ich fiirverfehlt, wenigstens in Fiillen, wic liicr. Bloch hat allerdings verschie- 
deno Arten dieser Gattung nntor Epinephelua aufgefiilirt, die Gattungsdiagnose ist aber nichtssagend : 
Bloch hat die Serranus- Xriau in viele Gattungeu vcrtheilr, wie Holocenirus^ Johnius, Cephalopholia, 
Perca, u. s. w. In den Regelu zoologischer Nouienclatur, wie die von der British Association 1865 
nnd 1869 adoptirt wurdeu, heisst es in $ 12 : ein Name, welcher nie deutlich definirt wurde, sollte in 
den Nameu ungeiindert werdeu, welcher den Gegenstand zuerst deutlich bezeichnet. Dieser Regel 
folge ich." 

Dr. Klunzinger forgets that Serranua was originally based on *Me serran proprement dit'' — that is, 
on Serranua cabrilla. If the clumsily constructed Epinephelua of Bloch is unsatisfactory to him, he has 
still the correctly defined Epinephelua of Bleeker. Even should he reject the name Epinephelua as 
wrong in meaning, the synonyms Cerna and Merua were both prior to his arrauj^einent. 

No writers have done so much to promote confusion in nomenchiture as those who disregard the 
law of priority whenever the dictates of this law are opposed to their own whims. We find no excuse 
for the introduction of the name Pseudoatrranua as a division of Serran uSy when the author of the name 
knew that both groups had been named and defined long before. 

Dr. Klunzinger seems tohave wholly misunderstood the afliuities of Centroprisiia, This genus. Which 
is indistinguishable from his P/r^MdoserrawJi*, he places in the neighborhood of Meaoprion {Lutjanua), 
He then divides Centropriatia into three subgenera: Centropriatia (atrarius), Paracentropriatia (hepatua), 
and Apnon {vireacena)* The genus Aprion has no sort of affinity with Centropriatli^ and it does not be- 
long to the Serranidas, It belongs with Lutjanuay Apailuaj and Etelia, among or near to the SparidcB, 
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* iL Donal nys X, 13; head aonminate, at least in yoang; pectoral fin finely barred with black 

and whitish, precisely like the caudal fin ; a very conspicnons inky- 
black blotch on front of soft dorsal (at least in yonng specimens), 
this being a continuation of one of the bars on the body; a black 
ring about tail at base of caudal, before which are six or seven dark 
bars, becoming progressively broader and fainter forwards; lower 
parts of head with a conspicuous net- work of dark streaks. Head, 
2i; depth, 3. D. X, 13; A. Ill, 7. Scales, 6-45-17 (probably young 

of the next) Subugarius, 83. 

ce» Dorsal rays X, 12 ; head less slender; pectorals red ; inky-black spot on front of soft dorsal 

small or obsolete; dusky bars on body more distinct than in 8. Bub- 
ligarviSf the bar at base of caudal broken into two or three dark 
spots; a dusky bar behind pale bar in front of anal. Head, 2f ; 
depth, 2f. D. X, 12; A. Ill, 7. Scales, 5-45-14 .. Plavivkntris, 84, 
M. [Scales small, about 60 in the lateral line; margin of preopercle ronnded, without stronger 

1^ spines at the angle. Color reddish, with two incomplete black 

rings behind the eye, with a large saddle-shaped black blotch on 

^ the back of the trunk and with some small black dots on the dorsal 

and caudal fins. D. X, 12; A. Ill, 7.] (Gttnther.).. Annularis, 85. 
\, Candal Innate or forked. 

e. Scales large, 45 to 55 in the course of the lateral line. (Prionodes Jenyns.) 
d. Opercle with a large inky blotch within, which extends also on the membranes of the 

shoulder-girdle ; preorbital and maxillary narrow, the latter 2) in 
head ; teeth small ; eye large, 3 in head, longer than the short snout, 
which is 4^ in head ; dorsal spines rather high, not filamentous ; soft 
dorsal not scaly ; a notch between spinous aiid soft parts of dorsal; 
caudal well forked ; second anal spine small, but longer than third, 
3i iu head ; scales large and regular. Head 3 in length ; depth 3. 
D. X, 12 ; A. II, 7. Scales 3-47-11 ; sides with six dark vertical bars, 
the second extending as a Jet-black blotch on the spinous dorsal 
from the fourth to the ninth spiue; a paler bar before anal; fins 

mostly pale Atrobranchus, 86. 

dd. Opercular black blotch, if present, not extending on shoulder-girdle. 
e. Scales on cheek very large in about five series ; dorsal spines not quite equal ; the fourth 

longest, about twice length of the ninth. 
X. Teeth of jaws unusually small, the canines scarcely differentiated; lower 
teeth in one series; body slender, the head long; lower Jaw little 
projecting ; mouth large, the maxillary 2^ in head ; eye large, as long 
as snout, 4| in head; interorbital space flat, its width three-fifths 
orbit ; preorbital narrow, one-fourth eye ; angle of preopercle slightly 
projecting, the vertical margin gently concave, the serra) minute 
and equal ; opercle produced backwards, with a single spine ; gill- 
rakers long and slender, x -f- 16, the longest half eye; dorsal spines 
weak, flexible, low, the fourth longest, 3^ in head; the ninth 7 in 
head ; caudal deeply lunate ; anal not rounded, its spines slender, 
graduated; ventrals half head ; pectorals long and narrow, reaching 
front of anal ; scales large, ctenoid ; scales on opercles large ; top of 
head scaled forwards to posterior margin of pupil ; dorsal and anal 
Bcaleless ; dusky brownish, paler below, a series of about seven ill- 
defined, dusky blotches along lateral line; from these, still fainter 
bars run downwards ; lining of opercle largely black, this appearing 
externally as a dusky blotch; vertical fins transparent, with minute 
dark specks; ventrals with median rays black ; peritoneum silver; 
no sharp markings on body or fins. Head, 2^ in length ; depth, Z^, 
D. X, 12; A. 111,7. Scales, 4^-48-13 ^QUIDKNS, 87. 

Bull. U. 8. F. C, 88 26 
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tbe largest lateral teeth ; eje rery large, ^ in head ; maxOlarT ±\ is 
bead ; Jaws equal ; preorfoital extrNiiely narrow, not ooe-tliini widtk 
ofpapil; pfeoperele T»7 aharpl J serrate ; giU-rakera short, eJender, 
X + lOf scales rery large, eorering head forward to back of |NipD ; 
first doHMd spine shorty seeood a little longer ; fooith longest, 2| in 
bead; the rest gradoally shortened^ lower than the soft raja, wbicb 
are sealeless ; second anal spine 4 in head, as long as third and stooter ; 
caodal forked. Color plain oliraceons; fins all >ale; sides witb 
aboot six faint dark cross- bands, more or less confluent along lateral 
line, and disappearing below. Head, 2{ in length; depth, 3(. D. 
X, 12; A. 111,7. Scales, 48 FuscmLCS, «a 

ee. Scales on cheek moderate, in about eight series ; body oblong, heavy anteriorly ; donal oat- 

line a little elevated, the profile almost straight; eyes very large, 
as long as snout, 3| in head, twice the concave interorbital space; 
top of head naked; lower jaw not projecting ; canines small ; month 
large, the maxillary reaching middle of eye; preorbital narrow; 
gill-rakers shorty abont x -f- 10; twelve rows of scales before dorsal ; 
dorsal spines strong, the fourth highest, 2^ in bead, a little longer 
than longest soft ray; dorsal fin not notched; soft dorsal a little 
scaly ; caudal deeply lunate ; second anal spine 3| in head, stronger 
but scarcely longer than third ^pine ; pectorals long, reaching anaL 
Color light brownish, with lighter blotches and faint dusky bars ; 
a very conspicuous, sharply defined, vertical white bar extending 
upward on each side from just before vent; fins pale. Head, 2| in 
length ; depth, 3J. D. X, 12 ; A. Ill, 7. Scales, 5-53-15 . . Ph(EBK, 89. 

SM. Scales on the cheek small, in about twelve series ; second anal spine abont as long as fourth 

dorsal spine. Body oblong, not elevated; snout sharp; lower jaw 
mnch projecting, its tip entering the profile; maxillary reaching to 
beyond middle of eye ; teeth rather strong, mnch as in 5. 9cr\ha ; 
gill-rakers short and few, x -f- 3* Dorsal continuous, the spines 
low, the longest 3 in head; second anal spine stronger than third, 
and almut as long, 3 in Lead ; last ray of anal longest, 1^ in head ; 
caudal w)rriewhat lunate, tbe outer rays slightly produced ; pectoral 
1^ in head; ventral 1 J. Color light olivaceous, with twelve irregular, 
broa^l, dark brown bands extending to below the lateral liue, ap> 
pearing again at level of base of pectorals as a series of rounded 
blotches, those in front pinkinh, those behind brow n ; a pale streak 
from nape to dorsal; two pale streaks or rows of blo'ches below 
this, extending from snout through eye and backward ; a broad 
brown streak from eye to upper angle of opercle, this again bounded 
by a pale streak ; suborbital light blue ; a dark spot at base of ven- 
trals, one or more below base of pectorals, and one in fr(»nt of the 
latter; caudal dark brown at base and on outer rays; pink on inner 
rays, reticulated with irregular, narrow, light blue lines, these marks 
most distinct on outer rays ; a large double blotch at base of caudal ; 
anal and ventrals light glaucous blue, thickly marked with brownish 
yellow spots, the blue forming reticulations around the brown spots; 
spinous dorsal and base of woft dorsal dusky, upper part of soft dor- 
sal sharply spotted with dark brown, the pale ground color formiug 
reticulations around the dark spots. Head, 2J in length; depth, 3J. 

I). X. 12; A. in, 7. Scales, 5-G0-15 Psittacinus, 90. 

ro. Heales small, the lateral lino with 60 to 7'). * 

ij. Lower jaw not very strongly projecting. 



• Nob described in Serranut peruanuH, which presumably belongs to this group. 
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h. Body covered with irregular, inky-blaok spots and bands. Body long and low, the 

head low and sharp, the lower jaw projecting; scales small; top of 
head naked, the smooth area on frontal rej^ion large; scales on 
cheek small, in ten or twelve rows; preopercle ronnded, with regu- 
lar serrsB ; teeth small ; gill-rakers very short, x + 6 to 8. Eye 4 
in head ; maxillary 2^, reaching to center of eye ; soft dorsal and 
anal naked ; dorsal low, not notched ; caudal forked ; second and 
third anal spines equal, the second the strongest, 2^ in head ; pec- 
toral H in head. Color brownish above, the sides yellowish, every- 
where above, below, and on fins covered with irregular, inky-black 
spots, blotches, and bands, the latter meeting around the belly; pec- 
torals and anal plain; a broad ring around base of candal, and many 
irregular spots around bases of ventrals and pectorals ; numerous 
black spots on dorsals and caudal, one of those on front of spinous 
dorsal very conspicuous. Head, 2J in length ; depth, 3f. D. X, 11 ; 
A. Ill, 7. Scales, 8-68-24 (60 pores) TlORlNUS, 91. 

hh. Body not covered with conspicuous, inky-black spots and bands. 
i. B&ck with three or more large, conspicuous blotches of yellowish white. Body more 

elongate than in related species ; profile slightly convex ; interor- 
bital space concave ; eyes large, longer than snout, 3} in head ; max- 
illary reaching middle of eye; lower jaw slightly projecting; scales 
on cheeks small, in eleven series ; scales in front of dorsal small, 
crowded in twenty- five series ; top of head naked ; dorsal spines low, 
fifth the longest, 2^ in head ; caudal strongly lunate ; anal spines 
graduated, the third 3^ in head ; pectorals and ventrals short, not 
reaching vent. Color brownish red above, with areas of light yel- 
low on sides of back ; one before dorsal, a large one and a small one 
below spinous dorsal ; a large one below last rays of soft dorsal ; 
one on back of tail ; yellow before eye ; belly and lower parts light 
red ; top of head with two pale cross-shades, one before, one be- 
hind eyes; lower fins light orange; caudal red with two conspic- 
uous longitudiual stripes of blackish red ; dorsal red-shaded, a ma- 
roon blotch on each part of it, extending upward from a similar 
blotch on the back. Head, 3 in length ; depth, 3f . D. X, 12 ; A. 

ni, 7. Scales, 11-73-25 Tabacarius, 92. 

ii. Back without conspicuous blotches of yellowish white. 
j. [Coloration nearly uniform, the body elongate, without distinct bands or spots ; 

snout short and thick ; head flat above ; preopercle finely serrate ; 
scales small; top of head naked; caudal slightly Innate. Color 
brownish yellow on back, orange on sides, and brighter or red on 
belly; no spots nor bands; upper part of head bluish, the fins 
gray ; caudal bordered above and below with brown. D. IX (X), 
12; A. Ill, 7. Scales, 60 to 65.] (Cuv. ^ raZ.)...FLAVE8CEN8, 93. 
jj, [Coloration not uniform; reddish brown with a pale stripe along the lateral line ; 

head, body, and sides silvery, with seven or eight large, round spots ; 
dorsal yellowish, edged with red ; caudal brownish ; anal reddish 
brown, with two rounded, reddish brown spots. D. X, 12; A. Ill, 9. 
Scales and other characters undescribed.] (Lesion,) .Peruanus, 94. 
gg. Lower jaw very strongly projecting; body elongate, moderately compressed; scales 

small (about 70) (Meniiperca Gill). 
k. [Snout blunt, scarcely longer than eye ; caudal fin not banded ; body rather deeper 
than in S. luciopercanus; dorsal fin low, rather deeply notched, the 
first and second spines low, the third highest; cauda. well forked; 
anal spines graduated ; preopercle well serrated, the posterior margin 
vertical; color purplish above, yellowish below, the upper fins edged 
or tipped with orange yellow.] (Coitelnau,) Castblnaui, 95 
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kk, Snoat sharp, mnoh lon^i^er than the large eye ; preopercle finely dentioolated ; 
top of head with vertex naked; caudal deeply forked ; skull de- 
pressed, with a single crest; dorsal spines moderate, the third 
highest. 

I. Color red, with numerous inky-hlaok spots on posterior half of hody, most of 

them round, rather smaller than pupil, and ranged in irregular hor- 
izontal rows; a large quadrate blotch at front of soft dorsal, ex- 
tending on the fin ; dorsal with dark spots; lower half of caudal 
chiefly black ; a large, oblong, silver- white blotch fit>m before vent, 
extending obliquely upward and backward to near the black 
dorsal blotch. Head, 3 in length ; depth, 3f. D. X, 12; A. Ill, 7. 
Scales, 8-6&-ld. Snout, 3i in bead; maxillary, 2f. Eye, 4. Eleven 
rows of small scales on cheek; fourth dorsal spine 2^ in head ; anal 
spines graduated, the second 3f in head; pectorals H in head; 

ventral If SxiLBOSTiGBfA, 96. 

II, Color clear brown with larger darker spots or bars on the sides ; fins pale, more 

or less tinged with orange. Head, 3 in length ; depth, 3^. D. X, 12 ; 

A. Ill, 7. Scales, 7-70-20 Luciopekcanus, 97. 

II. Dorsal fin long, its rays X, 14 or X, 15 ; head acuminate, the lower jaw 
projecting ; canine teeth strong, membrane of both dorsals scaly ; 
scales small. 
X, Lateral line as in other species of SerranuSf not close to the back, on about 
the ninth row of scales ; caudal subtruncate {Serranellue Jordan). 
y. Scales moderate, about 73 in the lateral line; caudal fin truncate ; lateral 
line not running near the back, not approaching nearer than about 
the ninth row of scales; anal spines graduated; top of head not 
scaly; the skin rugose; body rather short, compressed, the back 
a little elevated, the anteroir profile straight; head subconical, 
compressed, the snout acuminate ; eye small, shorter than snout, 
5 in head; mouth large, narrow, maxillary reaching middle of 
eye, 2| in head; lower jaw projecting; teeth in narrow bands, the 
canines strong, recurved, two to four in front of each jaw on each 
side and several ou side of lower jaw, the latter largest of all; 
gill-rakers few and short, about x -|- 8; scales on cheeks qaite small, 
in fifteen to eighteen series, about twenty series before dorsal ; 
preopercle rather finely serrate, the angle rounded ; preorbital 
very narrow ; first four dorsal spines graduated, the rest subequal, 
2§ in head ; the dorsal fin not notched ; soft dorsal somewhat scaly ; 
caudal obliquely subtruncate ; the upper rays somewhat longer, the 
middle rays a little shortened ; anal spines rather strong, graduated; 
pectorals long, reaching vent. Color olivaceous, the body with five 
to seven blackish cross-bauds; two of these, under soft dorsal, very 
distinct; hea<l with numerous wavy, blue lines; vertical finsver- 
miculated with bluish lines around small, round, reddish spots. Head 
2i in length ; depth 3^. D. X, 14 or 15 ; A. III. 7. Scales, 8-73-27. 

SCRIBA, 98. 
yy. Scales small, about 115 in the lateral line; snout scaleless, pointed, 
the lower jaw slightly prominent ; the maxillary reaching beyond 
middle of eye ; eye 4^ in head, l^ in snout; intororbital space flat, 
narrow; serra^ on angle of preopercle largest; caudal truncate; 
ventrals short. Color olive, witli several dark cross-bands, most 
distinct on middle of side of body; two of them near middle of 
body darker and broader than the rest ; three bluiHli, dark-edged 
streaks across cheeks* from e^o to angle of preopenlo ; soft parts 



•Es ist nicht ein dunkles Wangenband vorhanden (Gthr.), sondern bisdrei, sie sind bliiulich, schwarz- 
gesiiu m te." ( H ilgendorf . ) 
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of yertical fios covered with y ery small bluish spots ; angles of 
candal Jet-black. Head 3 in length; depth, !H. D. X, 15; A. HI, 

8. Scales, 11-115-x. ] ( GUnther, ) Atricauda, 99. 

XX. Lateral line runnlDg high anteriorly, somewhat as in the Anthiina; one 
abont the fifth row of scales; oandal forked (Serranus), 
z. Lateral line rnnning very high, on the fourth or fifth row of scales from 
below fonrth dorsal spine to end of dorsal fin ; both dorsals and anal 
fin with small scales; body elongate, compressed; head acuminate, 
compressed, formed much as in 8erTanu9 ucriha ; lower jaw strongly 
projecting ; anterior profile nearly straight ; preoperde finely serrate, 
the angle salient and with larger teeth ; top of head scaleless, the skin 
rugose; maxillary reaching pastmiddleofeye, 2^ in head; canines 
strong ; mouth rather oblique, lower jaw projecting ; scales on 
cheek moderate, in abont eleven series ; anal spines graduated ; 
pectorals rather long, If in head ; gill-rakers longer than in any 
other of the SerranincBy about x -f 15, the longest rather longer than 
pupil. Color orange-yellow ; four or five gray longitudinal streaks 
across the head, about three of which usually extend along the 
body; body with dark cross-shades in the young; vertical fins with 
blue spots. Head, 3 in length ; depth, 3|. D. X, 14 ; A. Ill, 7 or 8. 
Scales, 9-80 to 90-20 to 25 Cabrilla, 100. 

83. SERRANUS SUBUGARIUS. 

* 

CentroprUtit $uhligariu9 Cope, Proc. Acad. Nat. Sci. Phil., 120, 1870 (Pensacola). 

Serranus Bubligarius Goode & Bean, Proc. U. S. Nat. Mus., 238, 1882 (Gulf of Mexico) ; Jordan & Gil- 
bert, Proc. U. S. Nat. Mus., 274, 1882 (Pensacola); Jordan & Gilbert, Synopsis Fish. N. Am., 
53.5, 1883 (Pensacola) ; Jordan, Proc. U. S. Nat. Mus., 39, 1884 (Pensacola) ; Jordan, Cat. Fish. 
N. Am., 82, 1885. 

Serranun dispilurus Jordan, Proc. U. S. Nat. Mus., 18v-^6, 27 (Beaufort, N. C). 

Serranua hraailiensis Jordan Sl Eigeuuiano, Proc. U. S. Nat. Mus., 1887, 269 (Charleston). 

Etymology, — Subligarius, weariug a trass, iu allusion to the white cross-band. 
Habitat.— Qouth Athintic cjoasts of United States. 

Oar specimens of this species are from Pensacola, Charleston, and Beaafort, and 
they correspond to Centropruttis subligarius Coi)e. All of them have the dorsal rays 
X, 13 (in one case XI, 13), and all have the inky spot on the soft dorsallarge, and very 
conspicous. In these the pectoral is finely barred^ like the caadal fin. 

Giinther's dispiluruSy from Trinidad, is said to have the dorsal X, 12, the dorsal 
spot small, and the pectorals red ; otherwise the description agrees entirely with oar 
specimens. With the account of diapilurus the short description given by Cavier and 
Valenciennes of Dales Jlaviventris is in perfect agreement. 

One of the types of Brisout de Barneville's Cetitropritttis brasiliensis is preserved 
in the museum at Paris, where it has been examined by as. This has the dorsal rays 
X, 12, the dorsal spot obscure and difl'use, but is otherwise similar to svAligarius. . All 
have the second anal spine long, the caudal barred, a white bar before anal, the caadal 
truncate, with other characters, which readily distinguish this species from all others 
related to it. We feel little doubt, therefore, that subligariua, hrasiliensiSj and dispilurus 
are synonyms of flaviventris. If two species exist, subligarius^ the northern form, would 
be separated from the flaviventris by its number of dorsal rays — greater than that of any 
of the other species in this division of Serranvs) by having the pectoral fin barred like 
the caudal; and the black spot on the dorsal very large. It is, however, probable that 
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hrdsiliensia represents the ad alt of the species^ flaviventris or dispilurus younger speci- 
mens, and suhligaritis those Ptill younger. In the type of brdsiliensis the head is con- 
siderably less slender than in avbligaritis. This is probably a matter of age. This 
species reaches biit a small size, none of the known specimens being six inches in 
length. 

As all known specimens of stAligariu^ have thirteen soft dorsal rays, and all of^a- 
viventris examined have twelve, we let them stand for the present as distinct species. 

84. SERRANUS FLA VIVENTRIS. 

Dules flaviventris, Guv. & Val., Hist. Nat. Poiss., Ill, 113, 1829 (Brazil) ; Gtinther, I, 267 (copied). 
Centroprislis hrasiliensis Brisoat de Bameville, " Revae Zoologiqne, 1847, 131 " (Brazil) ; Giinther, I, 

85, 1859 (St. Helena). 
Serranus brasiliensia Jordan, Proc. U. S. Nat. Mas., 1886, 533 (from Brisoat de Barneville's type). 
Centrapristis dispilurus Jordan, Proc. U. 8. Nat. Mas., 1886, 27 (Beaafort, N. C.). 

Habitat, — Brazilian fauna. Trinidad to St. Helena. 
Etymology. — FlavuSj yellow ; venter^ belly. 

For a discussion of the relation of this species to the preceding, see our remarks 
on S. subligarius. 

The only specimen of this form which we haye seen is the type of C. broMliensia 
in the museum at Paris. 

85. SERRANUS ANNULARIS. 

CentroprisHs annularis Gttnther, Shore Fishes, Challenger, 1880, 6, pi. I, fig. C (Pernambaco). 

Habitat —Coa&t of Brazil. 
Etymology, — Annularis, ringed. 

This species is known from a short description and a figure of a very young in- 
dividual about 2 inches long. It is probably a valid species — not the young of Serra- 
nti8 flaviventris, 

86. SERRANUS ATROBRANCHUS. 

Ceniroprx8iiB atrohranchus Cxiy. & Val., Hist. Nat. Poiss., Ill, 45, 1829 (Brazil); GUuther, I, 1859, 86 

(copied). 
Serranus atrohranchus Jordan, Proc. U. S. Nat. Mus., 1886, 532 (examination of original type). 

Habitat. — Coast of Brazil. 

Etymology. — Ater, black ; branchia, gill {^pdyxtay gills). 

Only the original type of this strongly marked species is yet known. It was 
collected in Brazil by Delalande, and from it our description was taken. 

87. SERRANUS iBQUIDENS. 

Serranus cpquidens Gilbert, Proc. U. S. Nat. Mns., 1890 (west coast of Mexico). 

Habitat. — Pacific coast of tropical America. 
Etymology. — uEquus, equal; dens, tooth. 

This species is known from its type, 7 inches long, dredged by the Albatross at 
Station 2996, off the west coast of Mexico. 
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88. SERRANUS FUSCULUS. 

Cfmiropristei fuacuJus Poey, Memorias, II, 342. Ib60 (Havana). 

HaHperoafuscula Poey, Synop. PIhc. Cubeus., 281, 1868 (Havana) ; Poey, Enameratio.22, 1875 (Havana). 

Habitat — West Indian faana. Cuba. 
Etymology. — Ftutculusy somewhat tawny. 

This species is known only from the original type, sent by Poey to the maseam at 
Cambridge. From this specimen (10015, M. C. Z., 7 inches in length) our description 
is taken. 

89. SBRRANUS PHCSBXL 

Serrauus phahe Foe J J Memor., Caba, I, 55, 1851, pi. 2, fig. 3; Jordan, Proc. U. 8. Nat. Mas., 35, 18R4 
(Pensacola); Jordan, Proc. IJ. S. Nat. Mns., 39, 1884 (Pensacola) ; Jordan, Cat. Fish. N. Am., 
83, 1885; Jordan, Proc. U. 8. Nat. Miis., 1886, 39 (Havana). 

CentropriitU phcehe GUutber, Cat. Fisb. Brit. Mus., I, 85, 1859 (Cuba). 

HalipiTca phcehe Poey, Synopsis Pise. Cnbenp., 281, 1868 (Havana); Poey, Ann. Lyo. Nat. Hist., 34, 
1871 (Cuba) ; Poey, Euumeratio Pise. Cubens., 22, 1875 (Havana). 

Hahitat. — West Indian fauna, north to Pensacola* 
Etymology. — Phodbe^ the moon. 

Onr specimens of this species are from Havana and Pensacola. 

90. SERRANUS PSITTACINnS. 

Prionodes fa$oiatuB Jenyns, Voy. Bea^^le, Fisbes, 46, 1840; Gdutber, Cat. Fish. Brit. Mus., I, 96, 1859, 
(Cbatbaui Island, Galapagos) (not Holocentrus faaoiatui Bloch, whicb is Serranns scr'iba) ; Jor- 
dan, Proc. IJ. S. Nat. Mus., 1889, 81 (Cbarles, Hood, and Albemarle Islands, Galapagos). 

Serranus psittacinuB Valeucienues, Voyage V6nns, Poiss., 290, pi. I, f. 1, 1855 (Galapagos Islands). 

Centropriatis ptittacinus Guiitber, I, 186 (copied). 

Serranus calopteryx Jordan & Gilbert, Proc. U. 8. Nat. Mns., 338, 1681 (name only) ; Jordan &, Gilbert, 
Proc. U. S. Nat. Mus., 350, 1881 (Mazatlan); Jordan & Gilbert, Bull. U. 8. Fish Com., 170, 
1882 (Mazatlan); Jordan, Cat. Fisb. N. Am., 83, 1885; Jordan, Proc. U. 8. Nat. Mas., 376, 
1885 (Pearl Islands ; Galapagos). 

Habitat — Panama fauna. Cape San Lucas to Galapagos Islands. 
Etymology. — Paittacus, a parrot. 

We have examined specimens of this species from Mazatlan, Pearl Islands (Pan- 
ama), La Paz, and from Charles, Hood, Albemarle, and Indefatigable Islands, of the 
Oalapagos. The specimens from La Paz and Indefatigable are in the museum at Cam- 
bridge. Numerous specimens were also taken by Dr. Gilbert at the Bevillagigedos. 

The earliest specific name of this species, fa^datus^ can not be used if the 
species be referred to Serranus^ as already more than one Serranus has been called 
fasciatus. The oldest tenable specific name is therefore psitta^nus. The genus Prt- 
anodes was supposed by Jenyns to differ from Serranus by the absence of vomerine 
and palatine teeth. These teeth are, as a matter of fact, well developed in the 
young, but in some old specimens they are small, partly covered by theskin^and pos- 
sibly even deciduous. 
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91. SERRANUS TiaRINUS. 

Holooentru8 tigrinui Blooh, pi. 237, 1790; Blooh & Schneider, Syst. Ichth., 314, 1801 (East Indies). 
Srrraniu Hgrinus Jordan, Proc. U. S. Nat. Mus., 1886, 579. 
Serranus prcsHtigialor Poey, Mem. Cuba, I, 58, 1851, tab. 2, fig. 2 (Havana). 
Centropristis prcBstigiator GUnther, (^at. Fish. Brit. Mns., I, 85, 1859 (Cuba). 

Haliperoa prceatigiator Poey, Synop. Pise. Cubens., 282, 1868 (Havana); Poey, Ennmeratio, 22, 1875 
(Havana). 

Habitat — West Indian faana. 
Etymology. — Tigrinusy spotted like a tiger. 

Of these exceedingly handsome little fish, we have examined only the original type 
of Serrantis prcestigiator, sent by Poey to the maseum at Cambridge. We see no reason 
to doubt the identity of Holooentrua Ugrinus Bloch with this species. 

92. SERRANUS TABACARIUS. 

(Jacome.) 

Centroprxstes iahctcarius Cuv. &, Val., Hist. Nat. Poiss., Ill, 44, 1829 (Martinique) ; Storer, Synopsis, 287, 

1846 (copied); Gnichenot, <' Ramon de la Sagra, Hist. Cab., Poiss., 28, 1850.'^ 
Haliperca tabacaria Poey, Synopsis Pise. Cub., 282, 1868 (Havana). 
Serranu8 tahacaritis Jordan, Proc. U. S. Nat. Miis., 1886, 39 (Havana). 
Serranu8 jacome Poey, Memor. Cuba, I, 57, L851, tab. 2, fig. 1 (Havana). 
Haliperca jacome Poey, Ann. Lyo. Nat. Hist., 34, 1871 (Cuba); Poey, Ennmeratio, 22, 1875 (Havana). 

Habitat — West Indian fauna. 

Etymology. — TabacariuSj pertaining to tabaoum^ tobacco, the fish being called bout 
de taba4) (cigar stamp) by the negroes at Martinique. 

The specimens of this species examined by us are from Havana, where it is rather 
common. 

93. SERRANUS FLAVESCENS. 

Serranua flavescens Cuv. & Val., Hist. Nat. Poiss., VI, 506, 1830 (Martinique); Storer, Syn. Fish. N. 
A., 280, 1846 (copied). 

Habitat — Martinique. 
Etymology. — FlavescenSj yellowish. 

Only the type of this species is as yet known. This we have not seen. For a 
partial description of it we are indebted to M. Alexandre Thominot, of the Mus6um 
d'Histoire Naturelle, at Paris. 

94. SERRANUS PERUANUS. 

Strranu8 penianus Lesson, Voyage de la Coquille, tome II, part I, p. 234, 1828 (Payta). 

Habitat, — Coast of Peru. 
Etymology — Peruanus^ Peruvian. 

We place this species in Serranus, solely on account of the number of the dorsal 
rays (X, 12). The scanty description refers only to the coloration, which resembles 
that of Epinephelus analogus and Paralahrax ^naculatofasciattiHj but in both these 
species the number of dorsal rays is greater. 
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The foIIowiDg is Lessou's original description : 

Serran p^uvien, 

Serranus peruanus Lesson. 

P. 13; d. \i ; cat. i ; a. J ; c. 16. 

Ce petit serran, non oomprls dans la revision des esp6ces par MM. Cavier et Valenoiennes, pro- 
vient de la bate de Payta, sur la ddte du P^rou, oil il est oommun. II y est nomm^ cabrilla. Sa t<aille 
est commnn^ment de 5 pouoes, bien qa^l ait parfois jasqa'^ 10 on 1*2 pouoes. II est enti^reinent d'un 
rouge brun&tre, marqo^ d'ane raie blanche le long de la ligne lat^rale; puis toat tachet^ de rouge 
brun sur la t6te, le corps et les flancs. Le ventre et les c6t6a sont blano argent^; mais sept k buit 
taohes larges, arrondies, se dessinent sur oe fond clair et luisant. La t^te est ponotu^e de rouge. 
L'oeil est ceroid d'orang^ ; la dorsale est fauve, ruban^e de rouge ooreux. La oaadale est brunAtre 
ainsi que les oatopes. Les pectorales sont oannelle, et Tanltle roage-brauAtre avec deux taohes rouge- 
brun arrondies. 

95. SERRANUS CASTELNAUI nom sp. noy. 

CetUraprUiia nehuloBus Castelnan, Animaux Nouveaiix ou Rares de PAuidriqae du Sud, 1855, 5, pi. I, 
fig. 4 (Rio Janeiro) (not Serranus nebulosua Cuv. &, Val.). 

Habitat — Coast of Brazil. 
Etymology. — NebulosttSy clouded. 

This species is known from Casteluau's figure only, the description consisting of 
notes on the coloration. The figure is not very exact, as the number of soft rays in 
the fins can not be certainly counted. The projection of the lower jaw indicates a 
species allied to S. litciopercanuSj but with deeper body and shorter snout. 

As the name nebulosus is preoccupied in Serranusj this species needs a new name 
if referred to the latter genus. 

The following is the whole of Oastelnau's description : 

Le corps estd'un gris ardois^ ; nageoire dorsale avec destaches rouges et d'autres jaunes sur le bord 
Bup^rieur ; tdte et nageoires ros^es ; une tache d'un rouge fonc^ sur la base de la pectorale ; nageoire 
oaudale obscure avec nn bord terminal lilas; ventre d'un blanc gris&tre. Rio-de-Janeiro. 

To this scanty account the following is added by our friend, M. Alexandre Thominot, 
who has examined, at our request, the original type in the museum at Paris: 

CeniropristU nebulosus Ca»te\n&n, (Type.) D. IX-I, 12; A. (bris^); P. Id. L. lat. 72 environ ; lign. 
trans V. 16-10. Branch. 7. 

Longueur totale du seul specimen qui est une mauvaise peau 0™ 308. La t^te contenne environ trois 
fois dans P^tenduo du poisson sans teuir corapte de la caudate. Mandibule plus longne que la m&ohoire 
sup^rieure. Dents en carde sur les ni&cboires, an vomer et sur les ptdrygoidiens ; sur la m^boire in- 
f^rieure on aper^oit, sur les c6t^8, quatre ou cinq petites cauines. (Eil ^gal k Pespace interorbitaire, 
on de mdme dimension que le parconrscomprisentre la douxi^me narine et le bout du museau et forme 
environ le ciuqui^me de la t6te. Pectorales de m6tue longueur que Pespace compris entre le bout du 
nez et le bord de I'interopercule. Ventrales de mdrae dimension que le lobe inf6rieur de la oaudale. 
Premier rayon 6pineux dorsal contenu trois fois et demi dans la hauteur du troisi^uie qui est lui-mdme 
^gal an 4"**' ; le 2"^^ est cont«nu deux fois et un tiers dans ce m6me rayon. L'^piue operoulaire la plus 
longne est ^gale an premier rayon dofsal. 

Je ne puis rien vous dire de la coloration ; je craindrais de faire quelque erreur. 

96. SERRANUS STILBOSTIOMA. 
Prionodes stilboatigma Jordan & Bollman, Proc. U. S. Nat. Mus., 1889, 158 (sea west of Ecuador). 

Habitat — Pacific coast of equatorial America. 
Etymology. — InX^dt:^ shining; (jriy^tir,^ spot. 
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# 

ThUspecies is known from a single example, dredged in 45 fathoms, at the equator, 
off the coast of Ecuador. 

In form it agrees very closely with Berranus luciopercanus of the Atlantic coast, 
bntthe coloration is quite different. 

97. SERRAHUS LUCIOPERCANtra 

StrramuM lueiopercanu$ Poey, Memoriaa, I, 56, 1851, tab. 9, fig. 1 (Havana) ; Steindachner, ''Verh. 

Zool. Oe». Wien, Itm, 777, tab. 16, f. 1." 
CentroprUtU ludopercanus Oiinther, Cat. FUh. Brit. Mas., I, 84, 1869 (copied) ; VaUlant A Bocoart^ 

Mim. Sci. an Mexiqae, 1874, PI. V, f. 1. 
Mentiperca luciopercana Poey, Synop. Pise. Cabeoa., 281, 1868 (Havana); Poey, Enameratio, 23, 1875 

(Havana). 

Habitat — West Indian fanna. 

Etymology. — Luciopercanusy resembling Luciopercay a synonym of the percoid genus 
BHzoHtedion. 

Of this si)ecies we have seen only the original type, a yonng specimen sent by 
Poey to the mnseam at Cambridge. Serrdnvs luciopercanus and its near relative, 
8, 8tilbogtigmaj differ somewhat in form from the other species of Prionodes. The snoat 
is sharper and the lower jaw unusually prominent. But both these characters are 
subject to intergradations. The snout is very sharp in 8. subligarius^ and the lower 
Jaw in 8. psittacinus is almost as long as in 8. luciopercanus. For these reasons we 
are unable to recognize Mentiperca as a distinct genus. 

98. SERRANUS 8CRIBA. 

(The Sea -perch; Vaqueta.) 

Peroa lineU utrinque septemf etc., Artedi, Genera, 40, 1734. 

J'erca scriba LiuiucuH, Syst. Nat., Ed. X, 292, 1758 (no locality; and of the early copyists). 

Serranua acriba Cuv. & Val., Hist. Nat. Poiss., I, 214, 1828; GUnther, I, 103, 1859 (and of most recent 

writers). 
Peroa marina LinniBiiH, Syst. Nat., Ed. X, 290, in part (based properly on a fish from Norway — Sehastea 

mariwM»— the Perca lineia. etc., of Artedi being included in the synonymy). 
nohcetitrus fanciatua Hloch, Ichtbyol., taf. 240, 1790. 

liolooefitrna viarocannua Bloch & Schneider, Syst. Ichth., 320, 1801 (Morocco), 
Lutjanus icriittura Lac6p6do, HiMt. Nat. Poiss., IV, 229, 1803 (Mediterranean). 
IIolocvntruN argun Spinola, Ann. du Mns., X, 372, 1807. 
SerranuH pupilionaccus Cuv. & Val., VIII, 471, 1831 (Gorea; Canary Islands) ; GUnther, 1, 114 (copied). 

Habitat. — Mediterranean Sea and neighboring waters, including the Azores and 
Canary Ishuids. 

Etymology. — Scriba^ a writer, from the script-like markings. 

Our Kpecimens of this common species are from Palermo and Venice. 

99. SERRANUS ATRICAUDA. 

Scrramis atrlcauda Oiinthor, Ann. Nat. Hist., XIII, 1874. 230 (Mogador, Morocco; Azores; Madeira; 
Toncrillo); Ililgoiidorf, Die Fischo der Azoreu, 1889, 206 (Azores). 

Habitat. — Ocean northwest of Africa. 
Etymology. — Ater^ bhick; cauda^ tail. 

We know this species from descriptions only. 
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100. SERRANUS CABRILLA. 

(Serran; Serrano; Cabrilla.7 

Perca cabrilla Linnseus, Syst. Nat., I, Ed. X, 294, 1758 (no locality, and of most early anthon and 
copyists). 

Serranus cabrilla Gov. & Val., II, 1828, 223, PI. XXIX; Oiinther, i, 106, and of authors generally. 

Pseudoserranua cabrilla KluDzinger, Fische des Rothen Meeres, 1884, 7. 

T Labrua chanua Forsk&l Descr. Auim., 1775, 36 (Constantinople). 

t Labrua hiatula Bonnaterre. Eiicycl., Method., 1788, 116 (after Willoughby). 

Holocentrua argentinua Blocb, Ichthyol., IV, 473, Taf. 235, f. 2, 1790 (accordiug to Peters). 

LuijanH9 aerranua Lac^p^de, Hist. Nat. Puiss., IV, 205, 1803. 

Holocentrua flavua Risso, Ichth., Nice, 293, 1810. 

Holocentrua aerrati Rtsso, /. c, 294. 

Perca ohannua Coucli, "Loud. Mag. Nat. Hist, V. 19, f. 6, 1832" (Cornwall). 

Serranua novemcincius Kuer, Novara, Fische, 17, f 1 ("Capstadt" and St. Paul's Island); Sauvage, 

Archiv. Zool. Exp^r., VIII, 1880, 7. 

Paeudoaerranua bicolor ''Kossuian & Ranb, Ergebn. ReiKO Rothen Meere, 7, t. 1, f. 1" (Red Sea). 

Habitat, — Mediterranean Sea, Azores Islands, coasts of southern Europe and 
northern Africa. 

Etymology. — Cabrilla^ Spanish diminutive of cobra (Latin caper^ ^oat). 

This well known species is represeilted in our collection by specimens from 
Palermo, Italy. Its synonymy offers no special dilficulty. 

It seems to us evident that the generic name Serranvs must always remain with 
this species. Serranus is a latinization of the French name ^^ Serran,'^ and this species 
is mentioned as the ^^ Serran properly so called" by Cuvier, the author of the genus Ser- 
ranus. 

Genus XXIII.— PRONOTOGRAMMUS. 

PronotogrammuB Gill, Proc. Ac. Nat. Sci. Phila.,1863, 81 (multifaaciatua), 
Hexnianthias Steindacliner, Icbth. Beitrage, I, 4, 1874 (peruanua). 

Type. — Pronotogrammus muUifaaciatus Gill. 

Etymology. — Ilp6, before ; vwto':^ back ; ypafxii^^ line, in allusion to the upward carve 
of the lateral line. 

This genus, as understood by us, contains four American species, relatives of the 
type of Anthias^ but ditit'ering in the naked top of head, crown, and maxillary. The 
comparative study of a large number of species will be necessary before these genera 
of Anthiuiw can be put on a firm foundation. The species treated in the present paper 
form but a small part of the whole group, and the foreign species we have had no op- 
portunity to study. 

HemianthioH^ distinguished by the smaller scales and by the smaller canines, seems 
to us a section of Pronotograynmtis rather than a distinct genus. 

ANALYSIS OF SPECIES OF PRONOTOGRAMMUS. 

a. Scales rather small, abont 56 in the lateral line ; canines small ; bead and body moderately com- 
pressed {ffemianthiaa Steindacbner). 
b. Pectoral fin short, 1} in head; middle rays of candal as long as head ; body compressed, rather 
deep, deepest behind the head; head compressed, almost as deep as long; anterior profile 
nearly straight, moderately steep; mouth moderate, very oblique, the lower jaw project- 
ing, its tip entering the profile; preorbital narrow, as broad as pupil, its edge roughened 
with mncous tubes; maxillary 2 in head ; eye verj large, 4^ in adult; maxillary naked, very 
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broad at tip, its width three-quarters eye; snoat 4^ in head ; snout and forehead and top of 
head naked ; teeth very small, in very narrow bands ; two canines each directed outward, in 
frontof lowerjaw, asmalter one turned backward before middleof sideof jaw ; upper jaw with 
a single short canine directed forward on each side in front ; interorbital region flattish, with 
two bony ridges and a median depression ; smooth area of frontal region of skull short and 
small, broader than Iouk; occipital crest high and long; preopercle sharply serrate, its angle 
aright angle ; gill-rakers very loug, slender, and close set, x -|- 23, the longest three-fifths eye ; 
branchiostegals 7 (8 according to Steindachner) ; dorsal spines rather low, slender, only the 
third produced in a long, stiffish filament, which reaches the third soft ray ; soft dorsal naked, 
the last rays very high, 1} in head ; caudal very long, with a narrow fork, the middle rays as 
long as head and 1} in the longest ; anal high, its spines moderate, graduated ; ventrals elon- 
gate, the third ray longer than head ; pectorals shortish, pointed, If in bead ; scales moder- 
ate; lateral line complete, running abruptly upward and backward to below sixth dorsal 
spine, then gradually curving downward ; color rose red, with small diffuse golden-brown 
spots on body and on soft dorsal, caudal, and anal. Head, 3^ in length : depth, 3. D. X, 14 ; 

A. Ill, 8. Scales, 5-56-2U Peruanus, 101. 

aa. Scales large, 30 to 50 in the lateral line ; canine teeth rather strong, conspicuous; body lanceolate, 
compressed {Pronotogrammua), 
c. Scales not large, about 50 in the lateral line ; second anal spine a little shorter than third ; 
ventrals longer than pectorals ; profile convex to the occiput, straight anteriorly ; mouth 
very oblique, the maxillary extending to below pupil, 2i in head ; lower jaw with a canine 
in fi:ont on each side directed forward and outward ; a canine hooked backward in front of 
middle of side of jaw ; upper jaw with a canine directed forward on each side in front ; eye 
longer than snout, 3 in head ; vertical margin of preopercle serrate, the serrsd larger below; 
a short, strong, flat spine at the angle ; lower limb entire or serrate; top of head naked from 
the occiput forward ; five series of scales on cheek ; dorsal spines rapidly graduated to the 
fourth, which is nearly half head; several of the spines ending in long, fragile dermal fila- 
ments ; the filament of the fourth spine longest, sometimes reaching caudal ; caudal very 
deeply forked, some of the outer rays produced, sometimes half length of body; anal spines 
graduated, the second 3^ in head ; pectorals short, 1^ in head ; ventrals produced, extending 
beyond origin of anal ; lateral line on third row of scales; gill-rakers very numerous, long 
and slender; color carmine, deepest on tbe back, becoming a clear violet on sides ; back and 
sides everywhere freckled with golden olive, this on the sides becoming reticulations around 
the violet ; a bright golden stripe from eye to base of pectoral above; another from tip of 
snout along lower border of eye to middle of pectoral ; dorsal carmine, the rays tinged with 
golden; caudal similar; anal golden; pectoral carmine; ventrals red and yellow. Head, 

3^ in length ; depth, 3i. D. X, 14 or 15; A. Ill, 7 or 8. Scales, 3-48-16 Vivanus, 102. 

cc. Scales medium, about 38 in the lateral line; body elongate, the head thick, the lower outline 
nearly straight ; mouth oblique ; tip of lower jaw fitting into a notch of upper, not en- 
tering profile ; maxillary broad, reaching middle of pupil, 2^ to 2^ in head ; teeth in a narrow 
band above, in one series below ; one or two canines directed forward and outward in front 
of each jaw ; a pair on sides of jaw turned backward and inward ; no teeth on tongue ; inter- 
orbital space somewhat concave, the supraocular ridges being elevated ; preorhital narrow, 
about one-third pupil ; eye very large, 3 in head; angle of preopercle slightly projecting, its 
serrie coarser ; gill-rakers long, slender, x -f 30, the longest half orbit; dorsal emarginate, 
the spines slender and pungent, the sixth longest, 3^ in head, H times tenth; each spine 
with a short filament near its tip, as usual in this genus; soft dorsal high ; anal similar, its 
second spine shorter than third, which is 3| in head. Caudal forked, the middle rays two- 
thirds the outer, which are not produced ; pectorals short, reaching a little beyond front of 
anal; scales large, ctenoid, extending forward from occiput on top of head to middle of 
orbit; snout and maxillary naked; scales on cheek in six rows; dorsal and anal naked; lat- 
eral line very high on the third row of scales. Rose-red, silvery below, the tins light yel- 
low ; a dark spot above the middle of each eye and two V'shaped olive marks behind head, 
the apex of the one at the nape, the other at front of dorsal ; lining ot gill cavity and peri- 
toneum silvery. Head, 2^ to 2f in length; depth, 2^ to 3. D. X, 15; A. 111,8. 8(;ales, 
2i-:{8-X EOS, 103. 
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ceo. Scales very large, 31 in the lateral line ; second anal spine longer than third ; ventrals rather 
shorter than pectorals (in the yoang) ; depth about 4 (to end of middle oaadal rays) ; head 
3 in same distance ; eye 3 in head; snoat less than half eye; four upper front canines; two 
lower front and two lateral caninen ; dorsal spines rapidly increasing to the fonrth, which is 
abont 7 in length of body, thence decreasing to the last, which is 11 in length; longest soft 
ray abont equal to longest spine ; median caudal rays 6|- in length, longest greater than 
depth of body ; color reddish, the young with numerous dark rufous bands, descending 
nearly to the middle. D. X, 15 ; A. Ill, 7. Scales 2*31-12 Multifasciatus, 104. 

101. PRONOTOORAMMUS PERUANUS. 
Anthioi (Hemianthuu) peruanus Steindachner, lohth. Beitrage, I, 1874| 4 (Payta; Trujillo)* 

Habitat, — Goast of Pera and ChiiL 
Etymology. — PeruaniMj Peruvian, 

Of this species we have examined two of Dr. Steindachner's original types (10232, 
M. 0. Z.), from Payta, Peru. The largest of these is 15 inches in length and is now in 
poor condition. A specimen which we suppose to belong to the same species is also 
in the U« S. National Museum from Chili. This species reaches a larger size than the 
others of our Anthiinw. It must be a very handsome fish in life. 

102. PRONOTOORAMMUS VIVANUS. 

Amihias vivanua Jordan & Swain, Proc. U. 8. Nat. Mns., 544, 1884 (Pensacola) ; Jordan, Cat. Fish. N. 
Am., 83, 1885. 

Habitat. — West Indian fauna, north to Pensacola. 

Etymology, ^From the Red Snapper or Vivanety from the stomach of which this 
species was first taken. 

All the known specimens of this brilliantly colored species have been taken off 
the Snapper Banks between Pensacola and Tampa. Nearly all of them have come 
fix)m the spewings of the speckled '' Hind," Epinephelus drummond-hayi. 

103. PRONOTOORAMMUS EOS. 

Antkiaa eo$ Gilbert, Proc. U. S. Nat. Mas., 1890 (Station 2996). 

Habitat. — Pacific coast of tropical America. 
Etymology.^" Hmq J sunrise. 

This species is known from several examples dredged by the Albatross at Station 
2996, off the west coast of Mexico. 

104. PRONOTOORAMMUS' BiULTIFASCIATnS. 

Pronoiogrammus multifasdatus Gill, Proc. Ac. Nat. Sci. Phil., 81, 1863 (Cape San Lncas). 
Anthias multifaseiatua Jordan & Gilbert, Proc. U. S. Nat. Mns., 360, 1882 (Cape Sau Lacas) ; Jordan, 
Cat. Fish. N. Am., 83, 1885; Jordan, Proc. U. 8. Nat. Mas., 377, 1885 (Cape San Lacas). 

Habitat. — Pacific coast of Mexico. 
Etymology. — Multus, many; fasciatus^ banded. 

This species is known only from the original type, a very young example taken 
at Gape San Lucas by Mr. John Xantus. 
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Genua XXIV.— ANTHIAS. 

AnthiaB Bloch, Ichthyologiai 1792 (aacer = anihias), 

Aylopon Rafinesqae, Caratteri di alcuui Naovi Generi, etc., Sicilia, 52, 1810 (anthiaa) (substitate for 
AnthiaSf said to be preoccupied). 

Type, — Anthids sacer Bloch ; Labriis anthias (Linnfeus). 

Etymology, — "AvSiaq^ ancient name of some large fish, perhaps the Albicore; prob- 
ably from ^v0o(:, a flower. 

We retain the generic name of Anthias for Anthias anthias and its immediate rel- 
atives, letting PronotogrammtiSj OdontanthiaSy and other closely related groups stand 
for the present as distinct jcnera. None of the species of Anthias are American, and 
Anthias anthias is the only ono of them which we have been able to examine. 

We find no warrant for Rafinesque's statement that the name Anthias is preocca- 
pied. We find the name Anthia among the insects, bearing date of 1801. 

ANALYSIS OF EUROPEAN SPECIES OF AXTUIAS. 

a. Maxillary with about five series of large scales ; ventral fins very much produced, the secoiid ray 
reaching entirely beyond base of anal fin; third dorsal spine elevated, twice as high as any of 
the others, about as long as head ; body oblong ovate, strongly compressed ; head compressed ; 
profile convex, slightly depressed between the eyes; eyes large, 3^ in head; mouth large, 
oblique ; maxillary very broad posteriorly, its greatest width nearly three times the width of 
the narrow preorbital; teeth in both jaws uniserial laterally, in bands in front; one or two 
strong recurved canines on each side of lower jaw; astrai«;ht autrorse canine on each side in 
front; canines of upper jaw short, turned forward; no teeth on tongue; posterior edge of pre* 
opercle finely serrate, with larger spines at the angle; preorbital and lower jaw naked, rest of 
head scaly ; scales on top of head very small, extending beyond nostrils. Dorsal spines long and 
slender, the third much elevated ; soft dorsal with some elongate rays ; caudal very deeply 
forked, the lobes produced; second and third aual spines subeqnal; third soft ray longer than 
longest sofc dorsal rays ; pectorals short, not reaching beyond front of anal ; color red ; head with 
three yellow bands radiating from eye ; body freckled with greenish or yellowish spots; two 
bands on side of occiput, and a series of spots along ba^e of dorsal ; fins brownish green. Head, 
3i in length; depth, 2f. D. X, 15; A. Ill, 7. Scales, 5-38-16 Anthias, 105. 

105. ANTHIAS ANTHIAS. 

(Bakuier ; Imperador.) 

Lahrus iotns ruhescens cauda hifurca Artodi, Synonomia, 54, 1737 (Mediterranean). 

Labrus anthias LinnieuH, Syst. Nat., E«l. X, 2^2, 1758 (after Art»Mli) (and of copyists). 

Perca pennanii Bloch, "Schrift. naturforschender Freundo, X, pi. \f, f. 1, 1782." 

Anthias aacer Bloch, Ichthyologia, Taf. 375, 1792; Cuv. & Val., 11, 250; Giiuthor, I, 88, and of nearly 

all recent writers. 
Aylopon \mc(s Guicbenot, Index Gtenerum ac Specierum Anthiadidornm, 2, 186S (Ivica; Malta). 
Aylopon hispanun Guicbenot, I. c, 2 (Spain). 
Aylopon rissoi Gnichonot, I. c, 3 (Nice). 
Aylopon niccrtnsis Guicbenot, I. c, 4 (Nice). 
Aylopon canarieu His Guicbenot, r c, 5 (Canaries; Madeiras). 
Aylopon algerienais Guicbenot, I. c, 5 (Algiers). 

Habitat — Coasts of southern Europe and nortbein Africa. 
Etymology, — 'AvOia<;^ ancient name of some large tish. 
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This handsome fish is rather common in waters of moderate depth in southern 
Europe. The specimens before us were collected by Professor Doderlein at Palermo, 
in Sicily. 

The nominal species of Ouichenot are based on slightly differing proportions of 
parts of the head and body, characters too trivial to merit notice fro.u naturalists. 



Genus XXV.— ODONTANTHIAS. 



5c^C/^/0^^, .>U-/>^?;^ 



OdontanthiaB Bleeker, Sur les Esp^ces Indo-Archip. d'OdoDtanthias, etc., 1872, 1,* (borhonias). 

Type. — Anthias borbonius Giinther. 

Etymology, — ddouq^ tooth ] AnthiaSy a related genus. 

This genus contains three East Indian species and the following firom America. 
As compared with Anthia^^^ seems to differ in no important respect, except in the pre- 
sence of a band of small teeth on the tongue. 

Allied to Odontanthias \^ the genus Holanthias GUnther (H. fronticinctus Qthr.j 
firom St. Helena). In this genus the caudal fin is rounded, and none of the fin-rays 
are produced. 

ANAXY8I8 OF AMERICAN SPECIES OF ODONTANTHIAB. 

a. Dorsal rays X, 15. 
b. Third dorsul spine higher than any sacoeeding ones; ventral fins scarcely elongate, shorter than 
head ; body oblong ; head obtuse ; profile almost straight, somewhat depressed in front of the 
eye; eyes large, scarcely equal to the interorbital area, 3 in head; maxillary broad, with five 
or six rows of large scales, its length 2^ in head; mouth very oblique, the lower jaw pro- 
jecting ; snout 5 in head ; preopercle finely serrate, with coarser teeth at the angle, which is 
salient ; four canines in upper jaw, the outer turned forwards, the inner recurved ; six other 
canines in the lower jaw, the middle two extending forward and outward ; those on the sides 
recurved; no lateral canines; an oval patch of minute teeth on the tongue; third dorsal spine 
one-third longer than the fourth; ventrals shorter than pectorals, If in head; pectorals equal 
to length of head ; caudal lunate, the lobes equal, scarcely exceeding the height of the head ; 
head above and both jaws closely scaled; five or six rows of large scales on cheeks; color 
** golden red, little paler below, many lustrous green spots on the back ; fins all unspotted and 
more or less yellow ; upper part of head red.'' Head, 3^ in length ; depth, 3. D. X, 15 ; A. Ill, 

7. Scales 4-35-14 Martinicensis, 106. 

bb, [Third dorsal spine not longer than those following it, the spines being graduated; ventrals 
extremely elongate, their filiform tips reaching nearly to base of the caudal fin; body rather 
elevated and compressed ; the depth 21 in length ; head 3 ; head short, very obtuse; eye large, 
longer than snout, about 3 in head ; head everywhere scaly ; mouth very oblique, the maxillary 
suddenly widening behind ; proorbital narrow, half as broad as the maxillary ; crown of head 
convex ; preopercle finely serrate, with coarser teeth at the angle ; tongue with an oval patch of 
teeth; jaws with anterior canines, and a lateral canine on the mandible; scales large; lateral 
line strongly arched; caudal deeply forked, the lobes half length of body; dorsal spines aU 
graduated, the last more than twice diameter of eye ; soft dorsal and anal elevated, but without 
exserted ray; pectoral long, reaching soft portion of anal; color red, with parallel oblique 
and longitudinal golden streaks; head with two oblique bands. D. X, 15; A. Ill, 7. Scales, 
4-37-17. ] ( Giinther. ) Asperilinguis, 107. 

aa. [Dorsal rays X, 12 (teeth on tongue unkuown), closely allied to Anthias anthiaSf but with rather 
stronger teeth on the preopercle, and the ventral fins longer. D. X, 12; A. Ill, 6.] {Cuv. jr 
Val,) ToNSOR, 108. 



* '' Les esp^ces d' AnthioB h dents linguales, et ^ caudnle fourchue ponrraient done 6tre r6unies 
comme appartenant ^ un type distinct sous le nom d' Odontanthias, L* Anthias borbonius GUnther est de 
ce type et les rhodopeplus et ohrysostictus y appartiennent aussi." (Bleeker.) 
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106. ODONTANTHL^S MARTINICENSI8. 

Aylopon martinioeMii Guiobenot, Anthiani, Ann. Linn. Sue, vol. X, 1868 (Martinique). 

Habitat — West Indian fauna. 

Etymology. — Martinioensis^ living in Martinique. 

This species is known to us only from the original type, examined by Dr. Jordan in 
the museum at Paris. 

107. ODONTANTHIA8 ASPERILINOUIS. 

Anihia% a%pwiling^i9 Oiinther, Cat. Fisb. Brit. Mob., I, 89, 1859 (Soath America). 

Habitat — ** South America." 

Etymology. — Asper^ rough ; lingua^ tongue. 

We know this species fh)m the onginal description only. In the form of its dorsal 
it appears to differ widely from Odontanthias martinicensis^ but its dentition is that 
of an Odontanthiaa. In the type of Odontanthia^ the third dorsal spine is produced. 

108. ODONTANTHIAS (?) TONSOR. 

^nTANNii tOHf^r Ciiv. & Val., Hist. Nat. Poiss., U, 262, 1828 (Brazil). 
Ai^ikiM towtor Ottuther, 1, 91, (copied). 

Habitat — Coast of Brazil. 

Etymology. — TonaoVy a barber; from barbier^ the French name for Anthias. 

The scanty description of this species gives no hint as to whether it belongs to 
Odontanthiaa or to .InlAiiw. For the present we refer it, with the other American 
si>ecieS| to the former. If it be an Antkiasj it should be distinguished from A. antkias 
by the tewer flu-rays, D. X, 12. 

The ty i>6 of this 8iHH*ies seems to have been lost Mr. Alexandre Thominot, assist- 
ant in tho musoum at Paris, has searched in vaiu for it, and it is not mentioned in 
Guichenot's imiK'r on the species of Antkias in the museum. 

Genus XXVL— BATHYANTHIAS. 

Bathyiinthiaa GUnthor, Shon>-tislu\» Challenger Exp., ISSO, 6 (roseut). 
Typk.— luUh^anthia.^ rtiaeHS Giinther. 
EtymohMjy. — /VaH-s-, deep (water) ; Antki^ia^ an allied genus. 

Tliis genus is base*! on a single si>ecimen, a small fish allieil to Pronotogrammu4y 
but with none of it8 tin-rays prcnlueeil. The open^ulum is said to be without spine, a 
ohanioter rarely found among the SerranidA\ 

ANALYSIS OF STKCIKS OK BaTHYAXTHIAS. 

41. I IvhIv oMouj:. mivlorjitoly vH^mpn^^isatHi. the Miv>ut le^c* ol>in>e than usual in Jiiirlia«: eye a« long as 
snout, i^ in hoA*! : inter\>rh:tAl areji tlat. nam^w : maxilljkry scAlelesji, rejichiu^x mi^idle of eye; 
pns>jH»rvK» evtM\'.y r\>uiulM. very tinoly serrated ; r.o spine on optrvle: anal sra!y : »ort dorsal 
naktsl ; latera; l:ne rai.nirj: ver>- hi^jh: dorsal spine feeM' . not n'.anientoos, the third slighxlj 
loiiiifr than the re.'it, ;^ m Load, caulal snbtrimcate : p'<r:or.i!< fjilv form, not qnite as lon^ 
a* head, nachuii: anal: vor.ira'.s half a* lonjj as ^^e^tor.ils. Co'.<^r un-.fonn n^Me-rr*:. with two 

• \v*\r loni.t.dinal stn^aksw Head. 3 : depth. Iv. P. IX. 14 : A. 111. ^. Sralets, -->'*^1-'. ] ^'fia- 

IJ^. ^ KOSEUS, I'.a 
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109. BATH7ANTHIAS ROSEUS. 

Bathyanthiaa roseua GUnther, Shore-fishes of the ChaUenger Exped., 1880, 6, pi. l, f. B (off Pemam- 
buco, " 30 or 350 fathoms"). 

Habitat: — Coast of Brazil. 
Etymology, — BoseuSy rosy. 

This species is known from a single specimen, 4^ inches long. 

Genus XXVII.— OALLANTHIAS. 

Callanthias Lowe, '< Sapplenientary Synopsis Madeira Fishes, 76, 1839," and Fishes of Madeira, 13, 
fig. 3 (paradiswus =^pelaritanu9). 

Type. — Gallanthiaa paradiswus Lowe= Bodianus pehritanus Oocco. 

Etymology. — KdXXoq^ beautiful ; Anthias^ an allied genus. 

This genus differs from Anthia^ in the absence of armature on the preopercle and 
in the direction of the lateral line. The lateral line, especially elevated in all the mem- 
bers of this group, reaches the extreme in this genus, running along the highest series 
of fully developed scales and disappearing under the last dorsal ray. 

But two species of this interesting genus are as yet known : Callanthias petoritamus 
and Callanthias allporti Giinther, from Australia. 

ANALYSIS OF EUROPEAN SPECIES OF CALLANTHIAS. 

o. Body rather elongate, compressed, the outlines of the back and belly nearly parallel ; anterior pro« 
file blunt ; interorbital space broad and flat ; snpraoocipital crest high ; eye large, 2f in head ; 
maxillary narrow, scaly, 2^ in head ; mouth oblique, the lower jaw included ; snout very short, 
half length of eye; teeth as in Anthias anthias; preorbital very narrow; preopercle entire; 
gill-rakers long, slender, close-set, X -\-20; scales large; head everywhere scaly except on front 
of preorbital; lateral line ascending abruptly in front, running very close to the edge of the 
back, on the first row of scales: lateral line ceasing under last rays of soft dorsal, covering 
about 23 scales ; dorsals subequal, the first two or three shorter ; about the fifth soft ray of dor- 
sal elongate, often reaching caudal; anal spines slender, graduated, the soft rays subequal; 
caudal deeply forked, the lobes attenuate, the upper the longer; pectorals short, H in head; 
ventrals moderate, reaching anal. Color rose-red, paler below ; throat pearly white ; opercles 
and spot before pectoral pearly ; dorsal and anal yellow, tinged with rose at base and tips ; 
caudal scarlet, the borders and tips yellow ; other fins reddish. Depth, about 3 in length ; head, 
3t. D. X(orXI), 9; A. Ill, 9 or 10. Scales, 38 Peloritanus, 110. 

110. CALLANTHIAS PELORITANna 

{Bird-of- Paradise-fish ; Imperadar do Alio,) 

Bodianus peloritanus Cocoo, ''Giomale Sci. Sicilia, Palermo, 1829, 138" (^Madeira). 
Callanthias peloritanus Giinther, I, 87 (Madeira). 
Anthias buphthalmos Bonaparte, Faun. Ital., Pesci, about 1839. 

Callanthias paradisasus Lowe, '' Suppl. Syn. Mad. Fishes, 76, 1839" (Madeira); Lowe, Fishes Madeira, 
13 (Madeira). 

Habitat. — Mediterranean ; coasts of Spain ; Madeira. 

Etymology. — Peloritanus^ perhaps from Peloris^ a genus of moUusks. 

This species is known to us through the plate and very full description of Lowe, 
and also from a specimen (24601, M. C. Z) from Messina in the museum at Cambridge. 

Bull. U. S. P. C, 88 27 
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Note on Lioprppozna and ChoristlBtliun. 

Two singular genera. Liopropoma {aberrans) and Ohorististium (rubrum) have 
been made known by Poey from single specimens of small size, taken in deep water. 
We have examined the type of Ohorististium ruhrum. It seems to us more nearly re- 
lated to Cheilodipterua and other ApogonidcB than to any of the SerranidcB. We there- 
fore omit these two genera from our account of this family. A third peculiar genus, 
Chramma Poey — also known from a single young specimen — has been referred by Bleeker 
and Oill to the Pseudochromididcej where it may belong, although it bears some slight 
resemblance to the Anthiinw. 

Genus XXVIII.— LATES. 

Lates Covier &, Valenoiennes, Hist. Nat. Poss., ii, 89, 1828 (niloUeus). 

Pleotropoma Bleeker {oalcariferf this being the first species of <* Pleotropome" originaUy mentioned by 
Cavier ; not Pleotropoma as restricted by later writers). 

Type. — Perca nilotica Gmelin. 

Etymology. — Lates or Latos {XdTot;)^ the name of the typical species with both 
the ancient and modern Egyptians. 

This genus includes two or three species, fishes of very large size, found in the 
mouths of the Nile, Ganges, and other rivers of the Old World* We have not studied 
any of the species of Lates^ and it is possible that they have no real affinity with 
Morone. 

ANALYSIS OF SPECIES OF LATES. 

a. [Body robust, the back somewhat elevated, the anterior profile steep an^ nearly straight, the snont 
sharp, the lower jaw mach projecting; maxillary broad, reaching posterior edge of pnpil; 
serrsB on preorbital retrorse ; second dorsal spine short, the third longest, 1^ in head ; anal 
spines short, the second longest, 4^ in head ; pectorals and ventrals short ; soft parts of verti- 
cal fins somewhat scaly. Color silver-gray, much marbled with darker in life, the mark 
ings disappearing after death. Head 3, depth, 3. D. Vll-1, 12;A. 111,8. Scales 10-6&-] 9.] 
(Steindaohner,) Niloticus, 111. 

111. LATES NILOTICUS. 

Perca nilotica GmeMn, Syst. Nat., 1788, 1312, and of the copyists. 

Latea niloiioua Cuv. & Val., ii, 89 ; GUnther, I, 67 ; Steindachner, Fische des Senegals, 1869, 4. 

Habitat — Basins of the Nile and Senegal ; a fresh- water species, entering the sea. 
Etymology, — Niloticusj pertaining to the Nile. 

We have not seen this species ; oar knowledge of it is chiefly drawn from the 
description and excellent figore of Steindachner. 

Genus XXIX.— KUHLIA. 

Kuhlia Gill, Proc, Ac. Nat. Sci. Phila., 1861, 48 (ciliatus), 

Moronopsis Gill, Proc. Ac. Nat. Sci. Phila., 1863, 82 (marginatHs), 

Paradules Bleeker, Nederl. Tijdschr. v. Dierkuude, I, 257 (marginatue = ciliatus). 

Type. — Perca ciliata Kuhl & van Hasselt. 

Etymology, — Named for the discoverer of the typical species, which was foand in 
the streams of Java. 



REVIEW OF THE SERRANIDiE. 419 

This peculiar and interestiQg genus is represented by three East Indian species, 
well described by Bleeker in his paper ^^ Sur le genre Maronopsis^^ besides the two 
following. 

The relations of the genus have been much in doubt. From the resemblance of 
the species to those of Xeniohthys and Xenistiua^ Dr. Gill has concluded that it has 
sparoid affinities, and has placed it near the XenichthyincB. 

But Kuhlia has a very narrow and serrated preorbital not at all sheathing the 
maxillary, its ventrals are destitute of the axillary scale, and the opercle has two 
strong spines. All these are characters of the Serranidce and not found in the Sparidm* 
We therefore place Kuhlia in the former family. Among the genera of Serranidce it 
seems to be nearest Morone,, as the synonym Moranapsis would also indicate. In 
technical characters it agrees with the group we have called LatiiMB; but, as we have 
already stated, we are not sure that Lates and Morone are not representatives each of 
a different subfamily. In this case Kuhlia would represent still another. 

ANALYSIS OF AMERICAN SPECIES OF KUHLIA. 

a. Eye rather small, 3) in head ; body rather deep and compressed, the anterior profile straight or 
slightly concave ; depth 2f in length ; head 3f , maxillary 2} in head, reaching front of pnpil ; 
gill-rakers slender, X + ^M pectorals If in head ; ventrals 1} ; fifth (longest) dorsal spine If. 
D. IX, 1, 11, A, III, 11. Scales, 7-51-12. L. 6 inches. Bluish above; sides bright silvery; cau- 
dal fin cream-colored with two oblique black bars on each lobe, these convergent backwards; an 
oblique black bar upward and backward across soft dorsal ; fins otherwise pale Argb, 112. 

aa. Eye very large, 2} in head ; body deep, compressed ; depth 2f in length ; head 3^ ; maxillary barely 
reaching fbont of pupil ; gill-rakers long and slender, 9 -f- 24 ; pectorals 2^ in head ; ventrals 
scarcely reaching vent ; longest dorsal spine li in head. D. IX, I, 11 ; A. Ill, 11. Scales, 51. 
Color olivaceous above, silvery below; caudal fin plain Xbnura, 113. 

112. KUHLIA AROB. 
Kiiklia wge Jordan A Bollman, Proo. U. S. Nat Bins., 1889 (Chatham Island, Qalapagos Archipelago). 

Habitat. — Galapagos Islands ; Bevillagigedos. 
Etymology* — &pYupo<:^ silver. 

This species was first known from several specimens taken by the AXbaiross at 
Ohatham Island. It has since been taken in great abundance by Dr. Gilbert about 
Olarion Island. It is very close to K tasniura^ of the waters of Java, Sumatra, and 
Buro, but the latter species has the eye larger, 2§ to 3 in head. Comparing our speci- 
mens with the ftiU description of the latter species given by Dr. Bleeker, we are able 
to detect no other difiference, and it is very likely that our species will prove to be a 
variety of K. tamiura. 

113. KUHLIA XENURA. 

XenickikjfB xenurua Jordan Sb Qilbert, Proc. U. 8. Nat. Mus., 1861, 454 (supposed to come firom San Sal- 

▼ador). 
Kuhlia xenura Jordan A Gilbert, Proc. U. S. Nat. Mus., 1882, *J76 (locality questioned). 

Habitat — Probably San Salvador ; possibly China. 

Etymology. — Sivo<:y strange ; odpd, tail, the tail being more deeply forked than in 
Xenichthys. 

Of this species two specimens are in the U. S. National Museum, bearing the label 
^' San Salvador. J. M. Dow.'^ But for certain reasons it is uncertain whether they 
belonged to Dow's collection, and they may have been brought by Dr. Stimpson from 
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China. Until the species is again found — either in China or in Central America — ^its 
habitat must remain uncertain. The discovery of a species of Kuklia on the west 
coast of tropical America renders it more likely that K. xenura is an American fish. 

Genus XXX— MORONE. 

Morone Mitchill, Fish^ of New York, 18, 1814 (rufa=aw^erieana), 
Morone GUI, Proe. Ac Nat. ScL Phila., 1860, 111 (a»€rt«aii4i). 

Type. — Morone rufa Mitchill =Perca amerieana Gmelin. 
Etymology. — Unexplained. 

This genus or subgenus contains two known species, both American. 

ANALYSIS OF SPKdES OF MOROXB. 

Common characters : Lower margin of preoperole simply semte or entire, the serra not greatly in- 
creasing in size toward the angle, and none of them developed as antrorse hooks. Base of 
tongne without teeth ; edge of tongne with linear patehes of teeth ; dorsal fins more or less 
connected by membrane ; second anal spine mnoh enlarged, not shorter than third ; anal 
rays III, 8 or 9 ; lower margin of preopercle finely serrate ; lower jaw slightly projecting ; 
body not elongate ; vertebrae 11 -f- 1^4 ^25 (amerieana), 

a. Color in life brassy yellow, with about seven very distinct longitudinal black lines, those below 
the lateral line interrupted posteriorly, the posterior part alternating with the anterior ; 
body oblong-ovate, the back much arched ; head depressed, the snout somewhat pointed, 
the anterior profile concave ; eye large, as long as snout, 4^ in head ; preorbital finely ser- 
rate; suprascapula serrate; mouth small, somewhat oblique, the maxillary nearly reaching 
middle of orbit, about 3 in head ; maxillary somewhat scaly; gill-rakers moderate, x + lS; 
dorsal and anal spines very robust, the longest dorsal spine If in head, the longest anal spina 
2i; dorsal fins slightly connected. Head, 3 in length ; depth, 2|. D. IX, I, 12: A. Ill, 9. 
scales, 50 Intkrrupta, 114. 

oo. Color olivaceous, varying to dark green ; sides silvery or olivaceous, with faint, paler streaks; 
body oblong-ovate, the back elevated, but less so than in the preceding ; head depressed 
above eyes; the snont rather pointed; month small, the maxillary not reacbiu<r middle of 
orbit, 2f in head ; preorbital entire ; eye moderate, scarcely as long as snont, 4 in bead : gill- 
rakers 4 + 14f rather long : dorsal and anal spines moderate, the longest dorsal spine 2 in 
head : the second anal spine 2^ ; dorsal fins considerably connected. Head, 3 in len^h : depth, 
3. D. IX, I, 12; A. Ill, 8 or III, 9. Scales, &-oO-9 Americana, US. 

114. MORONE XNTERRUPTA. 

(The Yellow Bass.) 

Lahrai ckrysaps Girard, Pacific Railroad Expl., 29, pi. XI, figs. 1-4, 1859 (St. Louis ; New Orleans) (not 

of Rafinesqne). 
Morone inUrrupia Gill, Proc. Acad. Nat. Sci. Phila., I960, 118 (St. Louis: New Orleans); Jordan, 

Annals N. Y. Ac. Sci., IV, No. 4, 97, l5»76 (Miss. K.); Gill, Ichth. Rep. Capt. Simpson^s Sur. 

Great Basin Utah, ?9S, 1876; Jordan & Brayton. Bull. U. S. Nat. Mus., 1^^, 33 (Ohio and 

Illinois Rs.): Jordan & Gilbert, Syn. Fishes N. A., 530, Ir^; Nelson, Bull. Ills, Mus. Nat, 

Hist., 1876, 36; Jordan, Fishes Ills., 1877. 44 (Illinois R.: Mackinaw Creek ; Cairo, Ills.); 

Jordan, Man. Vert. E. U. S.. 137, IS-S^. 
Hoccus imterrupius Jordan, Geol. Sur. . hio. 956, 1882; Jordan, Nat. Hist. Aquat. Ans., 431, 1S84 (not 

Perca mitchilli intfrrupta Mitchill = Roccus Uneatus). 
Morone mississippiensis Jordan & Eigfumauu, Proc. Ac. Nat. Sci. Phila., 1887 (substitute name for 

interruptay regarded as preoccupied). 

Habitat. — Lower Mississippi Valley, north to Cincinnati and St. Louis, chiefly in 
the channels of the larger streams. 

Etymology, — Mi^sissippienm^, pertaining to the Mississippi. 
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The Yellow Bass is rather common in river channels and ponds in the sontheni 
part of the basin of the Mississippi. It reaches a length of abont a foot, and is con- 
sidered a good food- fish. Our specimens are from St. Lonis and from the White Water 
Kiver, at Brookviile, ludiana. 

As the name interrupta was given by Mitchill to a variety of Boccu8 lineatuSj a 
species of the same genus Morone^ as then understood by us, the name Monme inter- 
rupta given to this species by Gill was replaced by a later name, missisHppiensis. 
If, however, Morone and Roccus are regarded as distinct genera, the name interrupta 
is tenable for a species of the former group. 

115. MOROKE ABCERICANA. 

(The WmxK Perch; White Sea-bass.) 

The River Perch of New York Schcepf, Schrift. der Oesells., nat. Frenn<le, VIII, 159, 1788 (New York). 
Perca americana Gmelin, Syst. Nat., i, III, 1308, 1788 (after SchiBpf.) (and of the various copyists). 
Labrax americanue Holbrook, Iclith. S. C, ed. 1, 21, pi. 3, f. 2, 185() (Charleston). 
M-JTone americana Gill, Ichtb. Rep. Capt. Simpson's Sur. Great Basin Utah, 397, 1876; Jordan, AnnaUi 

N. Y. Ac. ScL, IV, No. 4, 97, 1876 (east-coast streams) ; Jordan &, Gilbert, Proc. U. S. Nat. Mas., 

1878, 380 (New and Neuse Rs., N. C). 
Rooous americanue Gill, Proc. U. S. Nat. Mas., 1883, 366; Goode, Nat. Hist. Aqnat. Anim., IV, 31, 1884. 
Perca immaoulaia Walbanm, Artedi Genera Pisoinm, 330, 1788. 
Morone rufa Mitchill, Rep. Fishes N. Y., 18, 1814 (New York). 
Bodianua rufua Mitchill, Trans. Lit. and Phil. Soc. N. Y., I, 420, 1815 (New York). 
Lahrax rufus DeKay, Nat. Hist. N. Y., Fishes, 9, pi. 3, f. 7, 1842 (New York); Storer, Syn. Fishes N. 

Am., 22, 1846; GUnther, I, 65, 1859 (Boston; New York). 
Perca mucronata Rafinesqae, Am. Month. Mag. and Grit. Rev., II, 20ri. 
Labrax mucronatus Cuv. &, Val., Hist. Nat. desPoissons, II, »6, pi. 121, 1828; Storer, Rep. Ichth. Mass., 

8, 1839 (Boston and vicinity) ; Ayres, Boston Journ. Nat. Hist., IV, 257, 1842 (Setauket, Qreen- 

port, and Riverhead, Long Island) ; Baird, Rep. Fishes N. J. Coast, 8, 1854 (Cape May County, 

N. J. ; Sing Sing, N. Y ; Croton R., N. Y. ; Potomac R.). 
Labrax nigricans DeKay, Nat. Hist. N. Y., Fishes, 12, pi. 50, f. 160, 1842 (Long Island); Storer, Syn. 

Fishes N. Am., 1846. 
Morone pallida Mitchill, Rep. Fishes N. Y.. 18, 1814 (New York). 
Bodianua pallidus Mitchill, Trans. Lit. and Phil. Soc. N. Y., I, 420, 1815 (New York). 
Labrax pallidue De Kay, Nat. Hist. N. Y. Fishes, II, PI. I. f. 2, 1842 (New York) ; Storer, Syn. Fishes 

N. Am., 22, 1846; GUnther, I, 67. 1859. 

Habitat, — Atlautic coast of the United States, from Nova Scotia to South CaroliDa, 
asceudiug streams and frequently land-locked in ponds. 
Etymology. — Americana, American. 

This species is one of the most abundant and characteristic of the brackish waters 
and river mouths of our Atlantic coast. It is the smallest in size of the species of 
MoronCj rarely reaching a length of a foot. It is a very excellent pan-fish, and it is 
everywhere known on the coast as the *' White Perch.'' Our specimens are ttom 
Wood's Holl, New York, and Washington. Those from Wood's Holl represent the 
variety called nigricans, very dark green in color, scarcely paler below, the body 
deeper* and the spines lower and shorter than in the common White Perch, 



Head, 3^ in length ; depth, 2} ; fourth dorsal spine, 2} in head ; second anal spine, 3^. A. UI, 9. 
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Genus XXXI.— EOOOUS. 

Rooous Mitchill, Fishes of New Tork, 25, 1814 {8iriatus=lin€atus). 
Lepibema Rafinesque, lohthyologia Ohiensls, 23, 1820 (ohryaopa). 
RocouB Gill, Proc. Ac. Nat. Sol. Phila., I860, 111. 
Lepibema Steiudaohner, sabstitate for Morone and Roooua, 

Type. — Boccus striatua Mitcbill =8cicena lineata Bloch. 
Etymology. — From the vernacular, Bock-fish. 

This group contains two species, about equally allied to Morone and to Dicen- 

ANALYSIS OF SPECIES OF ROCCUS. 

Common characfers : As in Morone except as follows : 
Base of tongae with one or two patches of teeth ; anal spines graduated ; dorsal fins entirely separate ; 
anal rays, III, 11 or 12 ; sapraoccipital orest scarcely widened above ; lower jaw projecting ; 
spines rather slender. 

a. Teeth on base of tongue in a single series ; body rather deep and compressed, the depth more 
than one-third the length; back considerably arched {Lepibema Rafinesque); head subconical, 
slightly depressed at the nape; mouth moderate, nearly horizontal, the lower jaw little 
projecting; eye large, as long as snont, about 5 in head ; maxillary reaching middle of pupil, 
2f in head ; margin of sabopercle with a deep notch ; gill-rakers rather long and slender, x -f 12 ; 
longest dorsal spine 2 in head ; second anal spine 3 ; color silvery, tinged with golden below ; 
sides with narrow, dusky lines, about five above the lateral line, one along it, and a variable 
number below it, these sometimes more or less interrupted or transposed. Head, Si in length ; 
depth,2i. D. IX— I, 14; A. Ill, 12 Chrysops, 116. 

aa. Teeth on base of tongue in two parallel patches; body rather elongate, little compressed, the 
depth less than one third the length; back little arched {Roccue Mitchill); head subconical; 
month large, oblique, the maxillary reaching to below middle of orbit, 2^ in head; eye aboat 
half the length of the rather sharp snout, 7 in head ; margin of subopercle entire ; suprascap- 
nla entire; maxillary naked ; gill-rakers long and slender, 4 -f 12 ; spines slenderer than in any 
other species; longest dorsal spine 2^ in head; second anal spine 5; color olivaceous, silvery, 
often brassy-tinged; sides paler, marked with seven or eight continuous blackish stripes, one 
of them along the lateral line. Head, 31 in length ; depth, 3^, varying considerably with age, 
the young being more slender. D. IX-I, 12; A. Ill, 11 ; Scales, 8-67-11 LiNEATUtf, 117. 

116. ROCCUS CHRTSOPS. 

(The White Bass. White Lake-Bass. 

Perca ohryaopa Rafinesque, Ichthyologia Ohiensis, 22, 1820 (Falls of the Ohio). 

Labrax ohryaopa Gill, Proc. Ac. Nat. Sci. Phila., 1863, 20. 

Boccus chryaopa Gill, Proc. Ac. Nat. Sci. Phila.. 1860, 113 (Racine ; Toronto ; southern Illinois) (not Labrax 
ohryaopa Girard; not Labrax muUilineatus Giintber, I, 501); Gill, Ichth. Rep. Captain Si(n|>- 
son's Sur. Great Basin Utah, 391, 1876; Cope, Proc. Ac. Sci. Phila., 1865, 83 (Saginaw Bay); 
Milner, Rep. U. S. Fish Com., 1872-'73, 76; Jordan, Man. Vert., 1876, 226; Nelson, Bull. Ills. 
Mus. Nat. Hist., 1876, 36; Jordan & Copoland, Bull. Buffalo Soc. Nat. Hist., 1876, 136; Jordan, 
Fishes Illinois, 44, 1877 (Lake Michigan ; Qnincy ; Henry) ; Jordan & Gilbert, Klippart's Rept. 
Fish Commissioner Ohio, 1878; Jordan, Man. Vert., Ed. II, 1878; Jordan, Geol. Snr. Ohio, 
955, 1882; Jordan, AnnaJs N. Y. Ac. Sci., IV, No. 4, 97, 1876 (Lakes Winnebago, Erie, and Mich- 
igan; Fox and Miss. Rivers); Jordan & Brayton, Bull. U. S. Nat. Mus., 1873, 83 (Ohio and 
Illinois Rivers.); Jordan, Nat. Hist. Aquat. Anim., 428, 1884; Jordan & Gilbert, Proc. U. S. 
Nat. Mus., 1886, 12 (Washita and Saline Rivers, Arkansas). 

Labrax multUvwatua Cuv. & Val., Hist. Nat. des Poissons, III, 488, 1830 (Wabash River); Kirtland, 
Boston Journ., Nat. Hist., V, 21, pi. 7, f I, 1845; Storer, Syu. Fishes N. Am. 22, 1840 ; GUnther, 
I, 67, 1859 (Lake Erie ; Ohio River). 



\ 
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Lahrax notatut (Hamilton Smith) Richardson, Fauna Boreali-Amerioana, m, 8, 1836; Storer, Syn. Fishes 

N. Am., 22, 1846 ; GUnther, I, 67, 1859. 
Lahrax albidui De Kay, Nat. Hist. N. Y., Fishes, 13, pi. 51, f. 165, 1842 (Buffalo) ; Storer, Syn. Fishee 

N. Am., 23, 1846. 
Ldbrax osoulatii Filippi, Rey. et Mag. de Zoologie, 2d series, V. 164, 1853; Qflnther, I, 65, 1869. 

Habitat — Great Lake region, Upper Mississippi and Ohio Valleys, and north- 
ward. 

Etymology. — Xpoa6<;^ gold ; m^, eye. 

The White Bass is generally abundant in the Great Lakes, where it reaches a length 
of from 10 to 15 ijiches. In the Ohio and Mississippi Rivers it is less common, although 
it is frequently taken. It is more abundant northward, its southernmost limit being, 
so far as our collections show, the Washita River, in Arkansas. It frequents deep or 
still waters, seldom ascending small streams. 

117. ROCCUS LINEATU8. 

(Striped Bass; Rock-fish; Rock.) 

Soiama lineaia Bloch, Ichthyologia, IX, 53, pi. 305. 1792. 

Labrax Hneatua Cnv. & Val , Hist. Nat. des Poissons, TI, 79, 1828 (New York) ; Richardson, Faana Boreali- 

Amerioana, III, 10, 1836; Sturer, Report Fishes of Mass., 7, 1839 (Boston and vicinity); Ay res, 

Boston Joar. Nat. Hist., IV, 707, 1842 (Long Island) ; De Kay, Zool. of N. T., Fishes, 7, pi. I. f. 

3, 1842 (Long Island) ; Linsley, Cat. Fishes Coqd.; Storer, Syn. Fishes N. Am., 21, 1846; Baird, 

Hep. on Fishes of N. J. Coast, 7, 1854 (Chesapeake Bay, Potomac, and Susquehanna Rivers); 

Holbrook, Ichth. 8. C, 17, pi. 4, f. 2, la^S ; GUnther, I, 64, 1359. 
Baceua lineatus Gill, Proc. Ac. Nat. Sci. Phila., 112, 1860; Gill, Ichth. Rep. Capt. Simpson's Snr. Great 

Basin Utah, 391, 1876; Jordan, Annals N. Y. Ac. Sci., iv. No. 4, 97, 1876 (Delaware and Potomac 

Rivers); Jordan & Gilbert, Proc U. S. Nat. Mns., 1878, 3S0 (Beaufort, N. C, and vicinity) ; 

Goode &. Bean, Proc. U. S. Nat. Mus., 1879, 145 (Pensacola and vicinity) ; Goode, op, oit,, 115 

(St. John's River, Fla.); Goode, Nat. Hist. Aqnat. Ans., 425, 1884; BoUman, Proc. U. 8. Nat. 

Mns., 1886, 465 (Escambia River). 
Perea Rock-fish vel Stricked Bass Schcepf, Schrift. derGesells. nat. Freunde, VIII, 160, 1788 (New York). 
Peroa saxaHlis Walbaum, Artedi, G«nera Piscium, 330, 1788 (after Schuepf)* 

Booous saxaHlis Jordan <& Gilbert, Proc. U. S. Nat. Mus., 1882, 599; Bean, Proc. U. S. Nat. Mus., 1883, 365. 
Peroa septenirionalis Bloch <& Schneider, Systema Ichthyol., 90, pi. 70, 1801 (New York) ; Jordan, Proc. 

U. 8. Nat. Mus., 1885, 72. 
Booous stnatus Mitchill, Rep. Fishes N. Y., 25, 1815 (New York) ; Bean, Proc. U. S. Nat. Mus., 1884, 243 

(Montgomery, Ala. ). 
Peroa mitohilli Mitchill, Trans. Lit. and Phil. Soc., N. Y., I, 413, pi. 3, f. 4, 1814 (New York). 
Lepihema mitohilli Rafinesque, Ichthyologia Ohiensis, 23, 1820. 

Peroa mitohilli interrupta Mitchill, Trans. Lit. and Phil. Soc. N. Y., 415, 1815 (New York). 
Peroa mitohilli altemata Mitchill, I o., 415, 1815 (New York). 
Ldbrax sohcenleini Peters, Berliner Monatsberichte, 18i>5, 95 (Celebes). (This is later stated by Peters 

to be probably identical with Labrax lineatus. If so, it certainly did not come from Celebes.) 

Habitat — Atlantic coasts of the United States, from New Brunswick to Pensa- 
cola, Florida, ascending all rivers in spring for the purpose of spawning. Occasional 
in Lake Ontario (Lewiston, Roosevelt). Introduced into California by the U. S Fish 
Commission. 

Etymology. — LineatuSy striped. 

This species is one of the most important of the food-fishes of America. It is very 
abundant. It reaches a large size. Its flesh is excellent, and firm enough to bear 
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transportation and exposure to the air. It reaches a weight of 30 to 40 pounds. The 
largest one ever reported, according to Goode, was taken at Orleans, Massachu- 
setts, and weighed 112 pounds. 

The synonymy of the species admits of little doabt. It has been thought by some, 
the writers among the number, that the Scicena lineata of Bloch was intended for 
Dicentrarchus labrax rather than for the present species. This opinion was based 
on the large bize of the lower serrse on the preopercle as shown in Bloch's figure. 

A later recomparison has convinced us that this species is really Bloch's lineata. 
It should therefore retain the name lineatus rather than the later septentrianalia. 

Our specimens of Roccus lineatus are from Wood's HoU, Massachusetts ; New York ; 
Washington ; and Pensacola, Florida. There is no doubt of its frequent occurrence 
in the Escambia River near Pensacola, and that the account given by Stearns (Nat. 
Hist. Aquat. Anim., 425) really be longs to this species. 

Genus XXXII.— DICENTRARCHUS. 

Labraz Kleiu, Missus, V, 25, 1749 (non-binomial). 

Labraz Cavier, E^gne Animal, £d. 2, 1829 (lupus = lahrax) (not Lahrax Pallas, 1810 = HexagrammnM 

Steller.) 
DicentrarchuB Gill, Proc. Ac. Nat. Sci. Phila., 1860, 111 (elongatus = labrax). 

Type. — Perca elongata Geoffrey = P. labrax L. 

Etymology. — JcV, two; xivrpov, spine; dp^oq, anus, the typical species being wrongly 
described as having two anal spines. 

All the European and American species of the Latinos {Labradjue) have been 
usually referred to a single genus, for which the oldest binomial name is that of Morone. 
This genus was based originally on three species, erroneously supposed by Mitchill to 
differ from the genus Perca in having the ventral fins abdominal. These species are 
those now known as Morone americana, Perca flavescens and Lepomis gibbosus. The 
name has been newly defined by Dr. Gill and restricted to the first of these species, 
and according to current rules it has priority over all the other names applied to this 
group. The name Labrax is inadmissible in any event, unless the early names of 
Klein be admitted, because it has been previously used for a genus of fishes in another 
family. 

Dr. Gill has taken the three principal groups or subgenera of Morone (called 
by us Morone^ Roccus, and Dicentrarchus) as distinct genera. These groups are readily 
defined, but the actual differences are small. It is most convenient, on the whole, to 
regard them as distinct genera, at least for the purposes of the present paper. 

The laws of priority render it necessary to retain for the European species the 
inappropriate name oi Dicentrarchus. 

ANALYSIS OF SPECIES OF DICENTRAKCHU8. 

Common Characters: Lower margin of preopercle with about three strong anrrorse spines; supra- 
occipital crest broadened at its upper margin with a median groove; iuterorbital region 
broader and flatter than in the preceding ; teeth on tongue in three long pjitches, one in the 
middle and one on each side ; dorsals separate ; aniil spines graduated ; dorsal spines slender ; 
lower jaw slightly projecting;; body rather elongate, the depth less than one-third the length ; 
vertebra) 12 -f- 13 = 25 {labrax). 
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a, VomeriDe teeth forming a simple snbcrescentic traDSverse band /^^N-sbaped); without baokward 
prolongation on the median line; back not arched; month large, obliqne, the maxillary 
reachiug to below front of pnpil, *2f in head ; eye 1| in snout, 5 to 6 in head ; spines on preo- 
percle strong, gradually increasing to angle, three or four below angle larger, directed down- 
ward and forward ; gill-rakers x -f- 14, long and slender ; longest dorsal spine 2 in head ; 
second anal spine 5 to 6 ; color olivaceous, the sides silvery, with narrow silvery streaks 
along the rows of scales ; a large dusky shade on upper posterior margin of opercle ; young 
with numerous round dusky spots. Head 3| in length ; D. IX-I, 12 or 13 ; A. HI, 11 ; 
Lat. 1.66 to 74 Labrax, 118. 

aa. Vomerine band of teeth with a backward prolongation on median line ; back and sides with 
round black spots, which do not disappear with age. 
b. [Vomerine band of teeth /T^ -shaped, with a very short backward prolongation on the median 
line; back and sides covered with small black spots; scales large. D. IX-I, 13; A. Ill, 

11 or 12. Scales 57.] {Gunther,) Orientalis, 119. 

hh, [Vomerine band of teeth in a nail-shaped ^^-patch, the backward prolongation on the 
median line being very long ; eye about 5 in head ; snout sharply pointed ; preopercle as in 
Z>. lahrcLX ; longest dorsal spine 2 in head; pectoral nearly 2; color olivaceous, with very 
distinct: round black spots, somewhat diffuse on their edges, more or less regularly arranged, 
and not disappeariug with age. Head 3^ in total length ; depth about the same, D. IX-I, 
13 or 14 ; A. lU, 12. Scales lO-bO-lCi.] (5<diidac*ner.) Punctatus, 120. 

118. DICENTRARCHUS LABRAX. 

(Sea Bass of Europe; Bass; Robalo; Vaila.) 

Perca radiis pinniB dorsalia seoundce 14, etc, Artedi, Genera Piscium, 41, 1734. 

Peroapinnis dorsalibua distinctis, etc., Gronow, ** Act. Upsal., 1750, f. 39, t. 4.'' 

Perca labrax Linnaeus, Syst. Nat. Ed. X, 1758 290 Ed. 12; 482 (after Gronow and Artedi) (and of the 

early authors). 
Seicma diacantha Bloch, III, tafel 302. 

Labrax diacanthus Gill, Proc. Ac. Nat. Sci. Pbila., 1860, 110. 
Centropomus lupus Lac^p^de Hist. Nat. Poise., IV, 418, 1803. 
Labrax lupus Cuvier, R^gne Animal, Ed. 2, 1829; Cuv. & Val., U, 56, pi. 11; Giinther, I, 64, and of 

Steindachner, Day, and nearly all recent European writers. 
Perca elongata Geoffroy St. Hilaire, " Descr. £gypte, Poiss., pi. 19, f., 1." 
Labrax elongatus Cuv. & Val. II, , 77. 
Dicentrarchus elongatus Gill, Proc. Ac. Nat. Sci. Phila., 1860, 111. 

Habitat — Coasts of Europe, ascendiDg rivers, raDging from the Mediterranean 
northward to Norway. 

Etymology. — Ad^pa^y the ancient name, from Xdfipo<:j gluttonous, the species being 
called the sea-wolf, or lupus. 

The Bass of Europe is a very good food-fish, having habits very similar to those 
of our Striped Bass. It reaches a weight of ten or fifteen pounds. 

119. DICENTRARCHUS ORIENTALIS. 

Percapunctaia Geoffroy St. Hilaire, Descr. figypte, Poiss., pi. 20, f. 2 (Egypt) (not of Linnceus). 
Labrax orientalis Giinther, Am. Mag. Nat. Hist., 1863, 174 (Alexandria). 

Habitat. — Shores of Egypt. 
Etymology. — Orientalis^ Oriental. 

We have not seen this species and know it from Gtinther's description only. 
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120. DICENTRARCHUS PUNCTATUa 

Solana punctata Bloch, Ichthyologia, V, 64, 1793, tat 305 (not Perea ptmdata L., which is BodkmMB 

fulVMB). 

Perea punctata Bloch &, Schneider, Syst. Ichth,. 1801,91 (notofLimuBD8,norofGmelin, who are quoted 

in synouymy) 
Lahrax punctata9 Qiinther, Ann. Mag., Nat. Hist., 1863, 174 (Gibraltar); Brito Capello Jom. Sci., 

Math.Phy8. Liaboa, II, 154, 1867 (Lisbon) ; Steindachner, IchthyoL Berichte, 1, 1867, 5, (Porto, 

Lisbon, Cadiz, Malaga, Teneriffe) ; Steindachner, Fisch-&ana des Senegals, 1869, 3 (St. Louis, 

Senegal; Crorea). 

Habitat. — Mediterranean Sea and adjacent waters. 
Etymology, — PuTictatuSy dotted. 

We have not studied this species and we draw our knowledge of it chiefly from the 

accounts of Gtinther and Steindachner. Thespecilic \i2kmQ punctatus may be retained 

in spite of the fact that the name Perea punctata had been earlier applied by Gmelin 

to Morone lahrax. This use of the name, Perea punctata^ by Gmelin is evidently the 

result of a misprint. By some means the original description of Perea punctata^, has 

been left out, as also the name of the species next in order, Perea lahrax L. By this 

means the name Perea punetata is left to stand over the description belonging to the 

other fish. 

Genus XXXIII.— PERCIOHTBYS.* 

Peroichthys Girard, Proc. Ac. Nat. Sci., 1854, 197 {chilenids), 
PerooBoma Gill, Proc. Ac. Nat. Sci. Phila., 1861, 51 {melaneps). 

Type. — Percichthys chilensis Girard. 
Etymology, — Perea (i^ipxjjj perch); ?;^^w<;, fish. 

This genus is composed of fresh- water fishes inhabiting the rivers of Chili. We 
have studied but one of the species, and are not quite certain of the relations of the 
genus. Its external characters are similar to those of the Latince^ though the general 
form of the body is remarkably like that of Perea. The following analysis of the spe- 
cies is chiefiy a compilation, and it will probably be found of little value. 

ANALYSIS OF SPECIES OF PERCICHTHYS.t 

a. BranchioBtegals seven ; caudal peduucle long and slender, its length nearly three times its least depth ; 
maxillary reaching to below middle of eye, 2j^ in head; snout moderately pointed, 3| in head; 
second dorsal spine 3^ in head ; second anal spine scarcely equal to eye ; color olivaceous brown, 
more or less spotted with darker; preorbital, suborbital, mandible, and preopercle cavernous. 
D. XI-I, 13; A. Ill, 10. Scales, 9-66-16 Trucha, 121. 

•The distinction of the species of this genus has been questioned by Dr. Steindachner, who 
says: "In don Andon cntspringenden Fliisse des siidlichen und mittleren Theiles von Chile und Pata- 
gonion niit niehrenMi (wahrscheinlich nur zwei) Arten der /'erca-iihn lichen Gattung Percichthys und 
Percilia bevolkert sind." (Ichth., Bcitr., vii, 24.) Peters (Berl. Monatsber., 1j366, 708) takes a very dif- 
ferent view. He says: ''Iin AUgemeinen kann man wohl sagen dass Chile arm an Siisswasserfischeu 
ist, indessen ist ihre Zahl doch weit betrachtlicher als man bisher geglaubt hat. Im Work von Gay 
ist von Percoiden die einzige Pcrca trucha aufgofiihrt, welcho Girard in der United States Naval Astro- 
nomical Expedition als Percilia chUennis genauor boschreibt und abbildet. Dersolbe fiigt aus dieser 
Familie Percichthys melanops und Percichthys giUisHii hinzu. Zwei andrc Arten dieser Familie habe ich 
als Perea pocha und P. segethi beschrieben, und kann jetzt noch eine zweite Art Percilia hinzufiigen so 
dasH inir Jotzt anstatteiner Percoidee deren sechs aus den Fliissen Chiles bekannt sind, ich glaube aber, 
dass es noch mehrere Arten Percichthys gibt." 

t We are unable to find the description of Perea pocha and Perea segethi Peters, species of this 
group described by Professor Peters from Chili. 
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aa, Branohiostegals, 6 ; bones of lower part of head still more cavemoas } caudal peduncle shorter 
and deeper. 
0. [Caudal peduncle moderately louf^ ; opercular spine strong ; maxillary reaching Just past £ront of 
pupil; snout long, blunt in profile; soft dorsal and anal high, much higher than spinous 
part; second dorsal spine highest, about 2^ in head ; second anal spine longer than third ; 
color yellowish browu, covered all over with small spots, one occupying the base of each 
scale. Head 2^ in length; depth, 3f. D. IX-I, 11; A. 111,9. Scales, about 65.] (Jen- 

yn».) ItMYis, 122. 

CO, [Caudal peduncle short and thick ; opercular spine small ; maxillary reaching front of eye. Color 
whitish, minutely and densely dotted with black, the dots crowded in a blotch on the center 
of each scale. D. X-1, 10; A. Ill, 9. Scales, 10^9-22.] {Oirard.) .BIslanops, 123. 

121. PERCICHTH7S TRUCHA. 

(Trucha op Chiu.) 

Peroa trucha Cuv. & Val., IX, 429, 1833 (Rio Negro, Patagonia); Gnichenot in Qay, Historia de Chile, 
Zool., n, 146, pi. 16, f. 1 (Chili) ; Girard, Proc. Ac. Nat. Sci. Phila., Ib54, 197. 

Peroichthys ohilenaia Girard, U. S. Nav. Astron. Exped., II, Zool., 231, pi. 29, f. 1-4 (Chili) ; GUnther, 
1, 61, 1859. 

f Peroa Begethi Peters (description not seen by us). 

Habitat — Rivers of Chili. 

Etymology. — TrucJuij the Spanish name, meaning trout (low Latin, trutta). 

We know this species from a single specimen sent from the Museam of Gompara* 
tive Zoology, and from others in the museum at Cambridge. 

The following description is taken from specimens in the museum at Cambridge, 
labeled, whether correctly or not, Percichthys trucha. These specimens are No. 4836, 
M. C. Z., Santiago, Chili (ten specimens, 5 to 11 inches in length), and No. 10372, M. C. 
Z.J Curic6, Chili (two specimens, 8 and 9 inches long). (C. H. E.) 

Body oblong, deepest below first dorsal spine ; maxillary reaching to below an- 
terior half of pupil, 2^ to 3 in head. Maxillary and mandibulary teeth in similar bands, 
broadest in front and tapering backwards; a few of the inner teeth in front of lower 
jaw slightly enlarged, the rest subequal ; teeth on vomer in a triangular patch ; pala- 
tine bands of teeth much longer than those on vomer, separated from the latter, 
and placed almost at right angles with them. Head covered with scales forward to 
the anterior nostril, a short linear naked area, always present, at or near the base of 
the supra-occipital keel. Scales on cheeks in twelve to fifteen irregular series; scales 
on opercle as large as those on body, in about six series. Eye large, 1{^ to If in snout, 
5 to 5f in head ; about equal to inter-orbital space. Mouth subterminal, the lower jaw 
slightly included. Profile straight, from tip of occipital process to premaxillary pro- 
cesses, then abruptly decurved. 

Preorbital with strong teeth directed downward and backward, strongest in 
young examples, largest near ])OvSterior angle of maxillary ; entire vertical margin of 
preopercle with fine teeth, largest below : lower margin of preopercle with larger, wider- 
set teeth, the anterior ones directed forward ; posterior half of free edge of interopercle 
and lower half of subopercle with very fine teeth, which become more or less obsolete 
with age ; opercle with a strong spine and a blunt or rounded point above it. 

Gill rakers short, chubby, about two thirds the length of the pupil, 6-1-13; inner 
side of the gill-rakers covered with ishort, stout teeth. 
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Distance of first dorsal spine from tip of snout, 21 in length of body. First dorsal 
spine less than half the length of the second, the second from one-half to two-thirds 
length of the third spine, which is the highest, 2|- in head, the spines decreasing in 
height to the ninth ; the spinous and soft dorsals connected. Caudal in the young 
slightly emarginate ; in the adult emarginate, the upper part truncate, lower rounded. 
First anal spine inserted under second dorsal ray, the spines graduated, the second 
strongest; highest ray 2 to 2J in head. Ventral inserted below the base of lower pec- 
toral rays, the second divided ray longest, 2^ to 1^ in head. Pectoral 2 to 1{^ in head. 

Scales of body of about uniform size, becoming very much smaller on breast and 
top of head. Scales strongly ctenoid on sides, becoming cycloid on head. 

Small scales on the caudal membrane at its basal third. Anal and dorsal without 
scales. 

Color olivaceous yellow, with peppery black dots, aggregated in spots on the back; 
the scales along base of dorsal and the upper half of caudal peduncle with a brownish 
spot at their base, spots forming more or less regular longitudinal lines ; membrane 
of soft dorsal with minute brownish dots, aggregated in places into rather large spots. 
Membrane of caudal dusky; anal with brownish dots along the middle of the mem- 
branes; pectorals and ventrals with similar, but fewer, spots. Head, 3f in length, to 
base of caudal ; depth, 4 to ^. D. X, 11 or 1 2 ; A. Ill, 8 to 10. Scales, 9-66 to 67-17. 
(C. H. E.) 

122. PERCICHTHTS L^SVIS. 

Perca Icevia Jeoyns, Voyage of the Beagle, Fishes, I, pi. 1, 1840 (Rio Santa Cruz, Patagonia). 
Peroichthys Icevia GUnther, I, 61, 1859 (copied); Kner, Novaia, Fische, I, 11 (Valparaiso). 

Habitat — Rivers of Chili. 
Etymology. — Lcevis, smooth. 

This species ia known to us chiefly from the figure of Jenyns and the description 
given by Kner. 

123. PERCICHTH7S MELANOPS. 

Percichthys melanops Girardj Proc. Ac. Nat. Sci. Phila., 1854, 197; Girard, U. S. NaT. Astron. Exped., 

II, Zool., 233, pi. 30, figs. 1-5 (Rio Maypu, Chili) ; Gunther, I, 61, 1859 (copied). 
Percosoma melanops Gill. Proc. Ac. Nat. Sci. Phila., 1860, 51 (copied). 
f Perca pocha Peters (description not seen by us). 

Habitat. — Rivers of Chili. 

Etymology. — Mikaq^ black ; oiptq^ appearance, from the dusky coloration. 

This species is known to us from descriptions only. 

PBRCICHTHYS POCHA. 

In the museum at Cambridge are sixteen specimens from Curic6, Chili. Thes«^ are 
from 5 to 8 inches in length and bear the label Peroichthys pocha. The following is a 
description of this species. (C. H. E.) 

Body ovate, deepest below first dorsal spine. Maxillary reaching scarcely to 
vertical from anterior margin of orbit, 3 in head. Teeth of lower jaw in a band 
widest near tip, and tapering to a single series behind; some of the lateral teeth 
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longer than the others ; teeth of apper jaw in a broader band, those of the sides not 
in a single series ; teeth all about equal; teeth on vomer iu a very narrow, crescent- 
shaped patch ; those on palatines in a band much narrower and shorter than thai on 
the vomer. Mouth oblique, the jaws subequal, the lower slightly included. Head 
scaled forward to the anterior nostril; scales on cheek in about eight series, those on 
opercle about as large as those on body, in about six series. Profile straight, from 
anterior margin of orbit to tip of occipital crest, rounded in front and behind. Eye 
1^ in snout, 4^ to 5 iu head; interorbital area a little wider than eye. Preorbital 
minutely serrated, the serrae weaker than in P. trucha. Preopercle with minute 
teeth on its vertical border, the teeth near the angle sometimes very much enlarged, 
sometimes little enlarged, more numerous than in P. trucha) serration of the sub- 
opercle and preopercle scarcely visible; opercular spine placed higher than in P. 
trucha^ its tip sometimes incompletely two or three parted; a bluntish projection 
on opercle above the spine. Gillrakers very short, about equal to one third diameter 
of eye, 6 + 11. Distance of first dorsal spine from snout 1\ to 1^ in length. Height of 
dorsal spioes variable, the first always less than half as long as the second, the third 
or fourth dorsal spine highest, 2 to 3 in head, the spines decreasing iu height to the 
ninth; spinous and soft dorsal connected. Caudal truncate when spread out, emar- 
ginate when closed. Anal inserted below the beginning of the soft dorsal, its spines 
graduated, the second thickest; highest ray about half as long as the head; ventral 
If in head; pectoral 1^ to If in head. 

Scales on the body of about equal size, less strongly ctenoid than in P. trucha^ 
reduced on breast and head. Lateral line much more strongly curved than in P. 
trucha. 

Color brownish, golden-yellow below, everywhere with brownish dots ; those on 
the lower half of the body scattered with usually a light (blue f ) center, a dusky spot at 
the base of each scale on the sides; all the fins dusky, with reddish brown dots ; 
those on the base of the soft dorsal sometimes aggregated into spots. Head, 3 to 3^ 
in length to base of caudal ; d^pth 3 to 3^. D. X, 11 or 12 ; A. Ill, 9 or 10. Scales, 10 
or 11-54 to 58-19 or 20. 

This species must be very close to the oue called Peraichthys melanops, if not 
identical with it. 

Genus XXXIV.— PERCILIA. 

Peroilia Girard, Proc. Ac. Nat. Sci. Pbila., 1854, 197 {gillissi). 

Type. — Percilia gillissi. 

Etymology. — Percilia, a diminutive of Perca. 

This genus contains a single species in the rivers of Chili. We know it 
only through imperfect descriptions, and we are not sure that it is really an ally of 
Percichthys. None of the species are in the Museum at Cambridge. 

ANALYSIS OF SPECIES OF PERCIUA. 

a. [First dorsal with nine spines ; snout short <ind ronnded ; maxillary reaching front of eye ; branchios- 
tegals5or6; teeth small, conical; operculum without spines; a few minute spines along edge 
of preopercle. Color brownish, spotted with black. D. IX-I, 10 ; A. Ill, 8. Lat. 1., 35. ] ( Girard. ) 

OiLLISSI, 124. 
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aa, [First dorsal with seven spines ; anterior profile evenly and rather strongly carved ; back regularly 
and more gently arched ; eye 3i in head ; forehead soaleless ; lateral line abruptly bent below 
second dorsal. Head, 4^ in length with oandal ; depth, 5^. D. VII, I, 10 ; A. Ill, 7. Scales, 
large, rough. Color, grayish above, paler below, becoming yellowish anteriorly.] (Peter$,} 

Gracilis, 125. 

124. PBRCZLIA aZLXiZBSZL 

Pm'oiliagillisHi Girard, Proc. Ac. Nat. Soi. PhUa., VU, 1854, 197 (Rio de Maypu, Chili); Girard, U. S. 
Nav. Astron. Exped., Zool., 235 (Bio de Maypu) ; Gttnther, I, 255, 1859 (copied). 

Hahitat. — Rivers of Chili. 

Etymology. — ^Named for Lieutenant Oilliss, of the TT. S. Naval Astronomical Ex- 
pedition. 

■ 

This species is known to us from the scanty original description only. 

125. PERCZLIA aRACZLIB. 

Perdlia gradlie Peters, Berliner Monatsberichte, 1866, 708 (Rio Reine, Santiago de Chili). 

Habitat — Rivers of Chili. 
Etymology. — Ora^ciUs^ slender. 

This species is known from Dr. Peters's description only. It is probably identical 
with Perdlia giWissii. 
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RECAPITULATION. 

The following is a list of the species of Serranidce reeogDized by us as occurring in 
the waters of America and Earope. The distribution in general of each species is 
indicated bj the use of the following letters : 



£. Europe. 

I. Islaods of Eastern Atlantic : Azores, eto. 
N. Atlantic coast, north of Cape Hatteraa. 
8. South Atlantic and Gulf coast. 

B. Bassalian Fanna of Atlantic. 
W. West Indies. 

C. California. 

P. Pacific coast of Mexico and Central America. 

F. Rivers of North America. 

B. Coasts of Brazil. 

T. Patagonia, east coast. 

A. Rivers of South America, Amazon. 

y. Pacific coast of South America. 

Subfamily I.— RYPTICIN-ffi. 

QenvLB I.— RYPncus Cuvier. 

$ Promicroptbrus GilL 

1. BypHcuB bistrispinus (MitchiU). 8. 
3. Bypiiou9 nigHpinnU (Gill). P. 

J Rypticus. 

3. BypiiJUixanti (Gill). P. (Perhaps identical 

with the next.) 

4. Bypticus hicolor (Valenciennes). V. 

5. Bypticu 8 saponaceus {BXooh & Schneider). W, 

S, I, B. 

6. BypticM arenaiu9 (Cnv. & Val.) B, W. 

7. Bypticu8 coriaceu9 (Cope). W. 

8. Eypticu9 nigromaculatu8 (Steindaohner). W. 

(Probably a variation of B. arenattu.) 

SnbfamUy U.— EPINEPHELIN-ffi. 
Genus II.— Polyprion Cuvier. 

9. Polyprion cemium Cuvier. E, A, I, B. 

10. Polyprion oxygeneios (Bloch & Schneider). V. 
(Possibly to be called P. americanus.) 

Genus III.— Sterbolbpib Ayres. 

II. Stereolepis gigoi Ayres. C. 



Genus lY.— Hemilutjanus Bleeker. 

12. Hemilutjanus m€U!ropthalmo8 {Tachudl). V. 

13. HemilutjanuB payPenHa (Lesson). V. (Doubt- 

ful species, uncertain as to genus.) 

Genus V.—Gonioplectrus Gill. 

14. Qoniopleotru8 hi8panu8 (Cuv. & Val.) W. 

Genus VI. — Gilbbrtia Jordan. 

15. OilbertiaBemioinota (Cnv, ilL Val.) V. 

Genus VII.— AcANiHiSTius Gill. 

16. Acanthi8tiu8 ffrat%lianu8 (Cuv. & Val.). B. 

17. Acanihi»tiu8 patachonicui (Jenyns.) T. 

Genus VIII.— Alphestes Bloch & Schneider. 

18. Alphestea multiguttatua (Gttnther.) P. 

19. Alphe8ie$ afer (Bloch.) W, B. 

20. Alphe8te8t piotu8 (Tschudi.) V. (Species 

donbtful.) 

Genus IX.— Epiaephblus (Bloch.) W, B. 
i Epinephblus. 

21. EpinepheluB analogua (Gill). P. 

22. Epin^helu8 ad8cen8ionU (Osbeok), 8, W,B, I. 

23. Epinephelua catu8 (Cnv. & Val.). 8, W, B. 

24. Epinephelu8 drummond-hayi (Goode &, Bean). 

8, W. 

25. Epinephe1u8 labriformU (Jenyns). P. 

26. Epinephelus 8triatu8 (Bloch). S, W, B. 

27. Epinephelu8 niveaiu8 (Cuv. & Val.). 8, W, B. 

28. Epinephelu8flavoHmhatu9{Foey), 8, W. 

29. Epinepheltu Mper8U8 Jenyns. I. (Doubtful 

species.) 
20, Epinephelu8goreen8i8{Q\XY, &,V9X»), I. 
31. Epinephelus 6hry9oiasnia{J)of!ieT\e\Ti), E. 
WZ. Epinephelu8 oaninu8 (Valenciennes). I, E. 

33. Epin€phelu8 alexandrinus (Cuv. & Val.). £. 

34. Epintphelu8 emeus (St. Hilaire). E. 
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35. Epinephelus gigoB (Briinnich). E, I, B. 

36. Epinephelus mystadnuB (Poey). W. 

37. Epinephelus morio (Cuv. & Val.). S, W, B. 

^ Garrupa Jordan. 

38. Epinephelus nigritus (Holbrook). S. 

39. Epinephelus merus (Foey), W, B, E. (Prob- 

ably identical with the preceding.) 

Genus X.—PROMICROP8 Gill. 

40. Promiorops guttaius {Linnadu%). S, W, B. 

Genits XL— My CTE ROPE RCA Gill. 
J Mycteropbrca. 

41. My cteropercaolf ax { J enyns). V. 

ruberrima Jordan. V. 

42. Myoteroperca rosacea (Streets). P. 

43. Mycteropercafalcata Foey, W. 

phenax Jordan & Swain. S. 

44. Mycteroperca calHura Poey. W. 

45. Mycteroperca tigris (Cuv. & Val.). W. 

oamelopardalis, Poey. W. 

$ Trisotropis Gill. 

46. Mycteroperca venenosa (Linnteus). S, W, B. 

apua (Bloch). S, W, B. 

47. Mycteroperca honaci (Poey). S, W, B. 

xanthosticta Jordan & 
Swain. S. 

48. Mycteropercajordani{JeukinB&l^veTmAUu)» P. 

49. Myoteroperca microlepis (Goode & Bean). S. 

50. Mycteroperca interstitialis (Poey). W. (Sy- 

nouyray rather doubtful.) 

51. Mycteroperca dimidiata (Poey). W. 

52. Mycteroperca xenarcha Jordan. V. 

$ Parepinephelus Bleeker. 

53. Mycteroperca rubra (Bloch). C Possibly includes 

two species, ruber and acutiroatris.) 

Gtonus XII.— Dermatolepis Gill. 

54. Dermatolepis angusti/rons (Steindachner). W. 

(Doubtful species, of uncertain relatious.) 

55. Dermatolepis inermis (Cuv. & Val.). W. 

56. Dermatolepis punctatua Gill. P. 

Genus XIII.— Bodianus Bloch. 
$ Pktrometopon Gill. 

57. Bodianus panamenaia (Steimlachner). P. 

58. Bodianus cruentatua {hac6\)hde). S, W, B. 

coronatua (Cuv. & Val.). 
S, W, B. 

$ Enneacentrus Gill. 

59. Bodianus tcmiops (Cuv. «fe Val.). S. 



60. Bodianus fulvus (Linnsens). S, W, B. 
n*6cr (Bloch). S, W, B. 
punctatus (LinnaBns). S, W, B. 

(Menephorus Poey. 
6L Bodianus dubius (Poey). W. 

Genus XIV.— Paranthias. 

62. Paranthias furdfer (Cuv. & Val.). W, P. 

Subfamily IH.— SERRANIN^. 
Genus XV. — Hypoplectrus Gill. 

63. Hypoplectrus lamprurus Jordan &, Gilbert. P. 

64. Hypoplectrus puella Cuv. & Val. W. 

vitulinus Poey. W. 
pinnivarius Poey. W. 
macnliferus Poey. W. 
guttavarius Poey. W. 
gummigutta Poey. W. 
aberrans Poey. W. 
accensus Poey. W. % 

affinis Poey. W. 
chlorurus CvLV, dc.Val. W. 
nigricans Poey. W, S. 
indigo Poey. W. 
bovinus Poey. W. 

65. Hypoplectrus orocotus (Cope). W. (Doubtful 

species.) 

66. Hypoplectrus gemma Qoode &, Bean. S. 

(Doubtful species.) 

Genus XVI. — Paralabrax Girard. 

67. Paralabrax nebulifer Girard. C. 

68. Paralabrax maculatofasciatus (Steindachner). 

C, P. 

69. Paralabrax albomaculatus (J enyns). V, P. 

70. Paralabrax humeralia (Cnv. Si.. V&\.). V. 

71. Paralabrax clathratua G'lTSLTil. C. 

Genus XVII.— Centropristis Cuvier. 
$ Centropristis. 

72. Centopristis atriatus (Linnasus). N, S. 

atrarius L. S. (Doubtful 
subspecies. ) 

73. Centropristis ocyurua (J OTdAn&Eyennmin), S. 

$ Triloburus Gill. 

74. Centropristia philadelphicus (Lmnsdna). S. 

Genus XVIII.— Cratinus Steindachner. 

75. Cratinus agaasizii Steindachner. V. 

Genus XIX.— DuLES Cuvier. 

76. Dults auriga Cuv. & Val.. B, 
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Gen OS XX. — Paracentropristis Klnnzinger. 

77. ParaoentropriaiiB hepatus (LinnsBos). E. 

Genus XXL—Dxplbctrum Holbrook. 

$ DlPLKCTrRUM. 

78. IHpleotrumformo$um (Linnnns). S, W, B. 

$ Haupsrca Oill. 

79. Dipleetrumeurypleotrumi J OTdan&BoUmAti), P 

80. Diplectrum nuujropama (Gttnther). P. 

81. Diplectrum radiale Qaoy &, Gaimard. W, B, P. 

82. Diplectrum ocnoeptione Cav. &, Val. V. 

Gen as XXll.— Serranus Cuvier. 
$ Prionodbs Jenyns. 

83. Serranus suhligarius (Cope). S. (Possibly not 

a distinct species. 

84. Serranue flaviventris (Cav. &, Val.). W, B. 

85. Serranus annularia (Giinther). B. 

J6. Serranue atrohranchue (Cav. Sl Val.). B. 

87. Serranue atquidene Gilbert. P. 

88. Serranue fuaculue (Poey). W. 

89. Serranue phcehe (Poey), W, S. 

90. Serranue psittacinue (Valenciennes). P, V. 

91. Serranue tigrinuB (Bloch). W. 

92. Serranus tabaoatius (Cav. & Val.). W. 

93. Serranueflaveecene(CnY.^yAh)» W. (Species 

imperfectly known.) 

94. Serranue peruanue (Lesson). V. (Species im- 

perfectly known.) 

. $ Mentipbrca Gill. 

95. Serranue sHlhostigma Jordan Sl BoUman. V. 

96. Serranue oaetelnaui Jordan. B. (Species im- 

perfectly known.) 

97. Serranus luciopercanue (Poey). W. 

$ SsRRANELLUS Jordan. 

98. Serranus scriba (Linnssns). E, I. 

99. Serranus atrioauda (QfintheT), I. 

$ Serranus. 

100. Serranue oabrilla (Linniens). E, I. 

Subfamily IV.— ANTHIIN^. 

QenuB XXIII.— Pronotoorammus Gill. 

$ Hemianthias Steindaohner. 

101. Pronotogrammueperuanus {QteindBchner), Y, 

P. 

$ Pronotoorammus. 

102. Pronoiogrammus vivanus (Jordan &, Swain). 

S. 

UmvBRsrrT of Indiana, April 17, 1890. 
Bull. U. 8. F. O. 88 ^28 



103. Pranotogrammus eos Gilbert. P. 

104. Pronotogrammus multifaseiatus Gill. P. 

Gtonns XXIV.— ANTHIA8 Bloob. 

105. Anthias anthias (Linnssns). E, I. 

Genos XXV.— Odontanthias Bleeker. 

106. Odontanihias martinicensie (Gnichenot). W. 

107. Odontanthias asperilinguie (Qfinther). B. 

108. Odontanihias f ionsor (Cav. &, VaL). (Spec! 

of uncertain genus.) 

Genus XXVI.— Bathtanthias Gttntber. 

109. Bathyanthias roseus Giinther. B. 

Genus XXVII. — Callanthias Lowe. 

110. Callanthias peloritanus (Cocoo). E, I. 

Subfamily V.— LATINJE. 
QeuuB XXVIII.— Lates Cnvier. 

111. Lates niloticus (Gmelin). Nile region. 

Genus XXIX.— Kuhua Gill. 

112. Kuhlia arge Jordan dt, Bollman. P. 

113. ^uMiaawnura (Jordan <& Gilbert). P.f Hab« 

itat uncertain ; may be from China). 

Genus XXX.— Morone MitchilL 

114. Morone interrupta Gill. F. 

115. Morone americana (Gmelin). N. 

Genus XXXI.— Roccus Mttohill. 
$ Lepibema Rafinesque. 

116. Boocus ohrysops (Rafinesque). F. 

$ Roccus. 

117. Boocus lineatue (Bloch). N, S, F. 

Genus XXXII.— Dicentrarchus GilL 

118. Dicentrarchue labrax (Linnaeus). E. 

119. Dicentrarchus orientalis (Giinther). Nile 

gion. 

120. Dicentrarchus punctatus (Bloob). E, I. 

Gtonus XXXIII.— Percichthts Girard. 

121. Perdchihys trucha (Cnv. <& Val.) Chili. 

122. Perdchihys lasvis (Jenyns). Chili. 

123. Percichthys melanops Girard. Chili. 

Genus XXXIV.— Percilia Girard. 

124. Percilia gilUssi GiTtktd. Chili. 

125. Percilia gracilie Peten. Chili. 
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roaena 831,416.417 

BiiOftiba delo Alto 846 

Bird-of-Paradiiie>flab 417 

Blaok.fiab 891,392 

Blaok-Harry 391 

Black Jewflsb 361 

aeabaaa 391 

BlackWiU 391 

Bodlano 876 

Bodianna 884, 364, 370, 377 

apna 366,870 

biatriapinna 888 

omentatoa 864,878 

cydoatomna 846 

dabina 380 

ftxlvna 879,380 

ruber 881 

gnativere 379 

gattatua 876^877 

gymnopareina 878 

marginataa 370 

melanoleucna 346 

pallldna 421 

panamenaia 881,378 

peloritanna 417 

ponctatoa 880 

rofna 421 

teniopa 831,879 

Bonaoi atari 870 

oardenal 369,370 

dePiedra 

Gato 

Braobyrbinoa 381 

oreoloa 381 

fbrcifer 881 

Batter-flab 879 

Cabra Mora 364 

Cabrilla 855,890,400,406.411 

California Jew flab 844 

Callantbiaa 836,417 

aUporti 417 

. paradiasna 417 

peloritanaa 417 

Caranoa 379 

Carey, Tbomaa G ^ 349 

CentrarobidsD 830 

Centropomoa 829 

lupaa 426 

nndecimalia 846 
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Centroprit^M 8M,890,3M 

ftyresi 399 

bivittatna 399 

fMcicularis 397 

Aiaoalas 407 

hepatas 895 

ni^cana 392 

radiana 897 

mftia 892 

talMUMTioa 408 

Centropriatia 334. 387, 389, 390, 891, 392, 395, 396, 399, 400 

annolaria 406 

atrarina 891 

atrobranohua 406 

braailienaia 406 

diapilama 406 

gigaa 342,343.344 

himndinacena 395 

laoiopercanaa 410 

macropoTna 398 

mema 862 

nebnloana 409 

ooyama 892,393 

philadeiphiona 393 

ph(Bb« 407 

pT8B8tigiator 408 

paittaoinua 407 

radiaUa 398 

atriataa 391,393.396 

anbligarioa 405 

tridena 393 

trifaroa 393 

tiifnroaa 393 

variaa 392 

Cephalopholia 376,377,400 

argna 377 

Cerna 350,351,400 

acatirostria 373 

359 

358 

, 358 

358 

358 

359 

373 

373 

362 

341 

341 

343 

418 

356 

361 

356 

, 360 

361 

371 



CDoea 

alexaDdrinna . 

canina 

chrysotflDnia.. 
coatsB 

gigaa 

macrogenia... 

nebaloaa 

aioana 

Cemier 

Cemium 

Challenger, ateanier. 

Cheilodiptema 

Cherna 

Americana .. 

oriolla 

de lo Alto ... 

de Vivero . . . 

Chloroat'Omua 



Choriatiatium 330,418 

rubrum 418 

Cnidon 330 

Colonua 382 

Colpognatbua 347 

dentex 347 

Coney 378 

Corvina oxyptera 381 

CorjphflBna nigreacena 390, 392 



Pag©. 

Cratinoa 834,393 

agaaaisil 893.394 

Crocna 386 

Cromileptea 850,374 

Cagapngnaon 363,364 

Brazil 355 

Cyniohthya 350,351 

(''flaTopnrparatoa') 351 

Dermatolepia 334.374.375 

angnatiftona 331,334,375 

inermia 376 

ponctatna 374.376 

Dioentrarohna 836,422,424 

elongatna 425 

Ubraz 424.425 

orientalia 831,425 

pnootataa — 331,426 

Dimidiataa 372 

Dipleotmm 336,396,399 

oonoeptione 831,399 

enrypleotram 397,398 

fiaaciotilare 397 

formoanm 396,397 

maoropoma 897,398,399 

radiale 897,398,399 

radiana 397 

Dnlea 334,394 

anriga 394,395 

flaviventria 405.406 

EleatberaoUa 336 

ooriaoena 341 

Eojambre 378 

Enneaoentma 376,377,378 

dubina .^ 380 

fblvna 379 

oaatalibi 380 

pnnotatna 380 

gnttatna 378 

coronatua 379 

panamenaia 378 

pnnctalatna . 380 

tseniopa 379 

Epinepheli 361,400 

EpinephelinaB 320, 332, 333, 373, 377. 381, 391, 399 

Epinepbelaa 330. 333, 334, 347, 348, 340. 350, 351, 360, 361, 

362. 374. 375, 377, 400 

adacenaionia 351.354 

flsneuB 331,351,358.35!) 

afer 349,350 

alexandrinua 331, 351, 358 

analogaa 354.408 

apaa 355 

aacenaionia 354 

aaperaua 331,351,358 

atlanticua 354 

bonaoi 366,370 

brachysomna 359.360 

oaninus 331,351.358 

capreolas 355 

catua 351,355,356,364 

obaliniua 373 

chryaotaBnia 331. 351, 358 

oabanuH 355 

dichropterna 360 

drummond-hayi 356, 413 

ery throgaater 361 
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Bpinepbelntfldotttos 

flavoUmlMtaB 851,357.858 

galeiu 864 

gigM. 858,85«,8«l,882 

goreensU 831.351,358 

gOMA 364 

gnttatns 855,37» 

impetiginosns 355 

itaiar» 864 

JordAni 871 

labriformU 851,356 

lonolatuB 355 

margiiuaia 350,351 

mentzeli 860 

m«ru« 351, 361, 869; 868 

microlepis 871 

morio 861,362 

maltigattatns 348 

mystAciniu 860,863 

nlgritns 343,361,362,363 

niveatus 352.357 

ordinatus 856 

oxygeneiofl 842,843 

panotataa 854,380 

quinqaefaaciatos 864 

reticalattui 860 

roaaoeos 868 

rubor 850,351,365,372,374 

selUcaada 851,356 

stiiatus 351,356,857,878 

tigria 860 

venenoflus 860 

Etelia 400 

Etheoatoma 330 

Evertzen, Jacob 363 

Flavoa 857 

Gag 371 

Garman, Siamael 320 

Garrapa 350,853,362 

Gigaa ..- 344,353.350,360 

GUbert,CharleaH 347 

GUbertia 333,346,348 

semioinota 347 

Girom 842 

Gonioperoa 386,387,380 

Goniopleotnia 832,333,345,348,882 

hispanas 846 

Grammiatea 830,336 

Grammistins 830,332 

Groaper, Uaok 870 

naaaan 856 

yellow-floned 800 

Gnaaa 860,363 

Goaaeta 350 

Gnativere 370 

Mn^rilU 870 

Oanther,A 842 

Guttata 865 

GatUtoa 340,363,864,370.370 

Gymnopareina 378 

Gyoinooephaloa ruber 870 

Halipeioa 306,380 

biYitUU 808 

fnscula 407 

Jaoome 408 

phffibe 407 



Haliperoapraatigiator •— .. 406 

tobaoaria 408 

Hamlet M6 

Hannahill 801 

Hapakn 842,348 

Harperufii 877 

Heotoria 841,848 

gig»» M2 

Hemlanthiaa 411 

Hemilatdanaa 888,844,845,848 

maoropbthalmoa 846 

paytenaia 381,846 

Hexagrammaa 880 

Holanthiaa 416 

ftrontioinotaa 415 

Holocantroa 400 

argentiDas. 411 

argna 410 

aoratua 870 

fjMoiatoa 410 

flavna 411 

gigaa 850 

gnlo 841 

hepatna 805 

marooannaa 410 

meron 850 

panotatna 854 

aerran 411 

servna 884 

aignonotna 886 

atriatua 805 

tigriDoa 408 

triaoanthoa 806 

Hogbea, Elisabetb G 820 

Hypopleotma 834,34^848,882,886,304 

aberrana 886 

aooenaoa 885 

affiois 885 

bovinaa 885 

ohloruma 384,885 

oroootna 331,886 

gemm* 331,386 

gammigntta 885 

gnttaTariua 884 

indigo 885 

lampmnu 884 

macolifema 884 

nigricana 885 

pinnivarina 884 

paella 884,886 

Yitolinaa 884 

Hyporthodoa 850 

flavicauda 857 

Hyposerranua 850,851 

Imperador 414 

do Alto 417 

Itaiara 868 

Jabon 840 

Jabonoillo 340 

Jacome 406 

Jewfish 868 

Jobnioa 400 

gnctatoa 870 

Jobnny Verde 888 

John Paw , 856 

Jordan, David Starr 
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KuhliA 881, 885, 894,418, 419 

«r«e 419 

tenim* 419 

xenoTA 419 

Labmx 880,888,424,425 

Albidna 423 

Mnerioanos 421 

ohrysops 420,422 

olftthratus 890 

diaoanthot 425 

elongatas 426 

lineatns 423 

lupus 426 

muoronatns 421 

multilineatas 422 

nebalifer 886,888 

nigrioaiis 421 

notatns 428 

orientalia 425 

osoulatli 423 

pallidas 421 

punotatos 426 

mfos 421 

sohoenleini ^8 

Labraoine 880,424 

LabridsD 477 

Labroperca 850 

Labnu adriatioas 895 

anthias 414 

ohaans 411 

fasoiatos 896 

ftilvus 879 

ftisooTiUatna 895 

guasa 859^860 

hepatoa 896 

hiatula 411 

maxilla in ferioi-e longiore 895 

spalatBuais 896 

BtriatuB 391,892 

totua rubesoens oauda bifuroa 414 

Lateolabrax 330.331,332 

LatM 331,332.335,346.418 

oalcarifer 346 

nilotioa 331 

nilotions 418 

Latln» 329,330,831,332,335,419,426 

Lepibema 422 

mltohilli 423 

Lepomia gibbosus 424 

Lloperca 374 

inermis 376 

Liopropoma 330,418 

aberrana 418 

Lobotes 329 

Lobotidffi 329 

LutjJaniniB 330.390 

Lutjanua 344,359,400 

Lntjanna lunulatua 355 

scriptnra 410 

serranns 411 

atriatus 356 

tridens 393 

trilobua 392 

Menephorua 378,378 

dubiua 380 

pUDCtiferuB 380 



Page. 

Mentiperoa 899,403,410 

laetoperoan* 410 

Merodelo Alto 362 

Meroa 359,362,363 

Menu 850,854,362,400 

Mesoprion 400 

Moione 830,881,832,885,886,419,420,422,424 

amerioana.w 421,424 

interropta 420 

labrax 420 

mississippiensia 420 

pallida 421 

ru«a 420,421 

Moronopsis 894,418,419 

Morrhua -362 

Myoteroperoa 834,340,850.351,364,385 

aontiroftrla 865,868,374 

bonaoi 870,371,378 

xanthoetiota 370 

ealliiira 364,368 

deoimalis 871 

dimidiata 364,372 

iUoata 868,872,873 

phenax 868 

interstitialis 871 

Jordani 864,371 

miorolepis 871 

olliax 864,367,368 

rubeirima 887 

retioalata 865,889 

rosacea 868 

rubra 351,359,868,872,878 

soirenga 87S 

tigris 866, 368; 868 

Tonenosa 855,365,380 

gattata 370 

xenaroha 864,372 

N6gre 361 

Kigger-flah 379 

Notognidion acireuza. 350 

Odontantbias 385,414,415 

asperillDguis 331,414 

martinicenais 416 

tonaor 331,416 

Oligorus gigaa 342,343 

Orientalia 425 

Ouatilibi espagnol 346 

Oxygeneios 841,342 

Paracanthiatiua 346 

Paracentropriatis 385,395,400 

bepatns 394,395 

Paradules 394,418 

Paralabrax 334,386,387.390.391.393,399 

albomaculatus 386,383 

dathratua 390 

bumeralia 386; 387. 389 

mac ulatofaaoiatua 388, 408 

nebulifer 388 

Paranthias 334.381 

oreolua 381 

furcifer 381 

Parepinephelua 364,366 

aoutiroatris 372 

Peloritanua 417 

Perca 330,336,400,428 

aMioricana 420.421 
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891 

estefllA 8M,4U 

ohryiqpt 432 

eiUate 418 

ekmgata 426 

fsnumdMliiiA 848 

llATWoeiis 424 

fonnoM 896,887,386 

tarvm 898 

ftirms 898 

giSM 369 

gatteto 866, 888, 804» 878. 879 

immafnilata 421 

UbnuK 428 

UbTi* , 428 

llneis atrinque •eptem 410 

nuMolAtft 864 

w^^T^t*^ 410 

ponetieolftta 880 

Tttk&ntmtk 809 

miorop* 840 

mHohiUi 428 

•Itornato 428 

interrapU 420,423 

mnoronftta 421 

nigrloMis 892 

nOotioa 418 

pennantl 414 

philadelphioa 898 

pinnis dorMlibiu distinotis 426 

pooh» 428 

profoukthiu 842,343 

punototo 379,380,426,426 

pnnotaUte 880 

ndlU piniUD doraalU aeoande 426 

Toboate 889 

MZAtilis ^ 423 

Mrib* 410 

aegethi 4X1 

■eptentrionalis 423 

•tellio i 864 

• strUte 890,392 

totomamiHa 854 

triftiro* 893 

trnoh* 427 

TmrU 892 

TenenoMi 1:69 

PerdobthyiiuB 880,831,832,836 

Pereiobibyt 880,381,882,886,426 

obOensU 427 

' godefDroyi 889 

l»Yi« 831,428 

meUnoiw 831,428,429 

poobA 428 

tniobA 427,429 

Perdds 380.831,336 

PeroUU 331,386,429 

gilUaai 331,429,430 

gmoilis 881,480 

PerooaomA 426 

meUnopa 428 

Petrometopon 876,377,378 

•pitfioa 378 

gntt«toa 879 

Pbetboniobtbya 877 



Page. 



Fhiljpiuia — •••.•... 

Plotaa 849^860 

PirA-pixADgA..^....^ 864 

Pintipfti* 870 

PlMtropomft 844,84^846,847,848,849^881,418 

•ooeoaam. • 886 

•culeatiim 848 

af&ne 886 

afrnm 849 

annaUtam 846 

armatiun 846 

boTinom 886 

braalHannm 848 

obkwoptemm 860 

oblomrom 

erooote 

deotex 947 

CMoiataa 868 

gmnmigatta 886 

gattoTariimi 884 

biapaniim 846^846 

bnntdl 846 

indigo 886 

iDAoropbtbalmoa 84^846 

melanhorina 884 

monftoaDtbaa 860 

maltigattatam ,... 849 

nigricana 886 

nigrombram 846 

pataobonioa 849 

paytenaia 846 

piotam 860 

pnalla 882,884 

aemioinotmn 846^847 

aerratam 847 

▼italinam 884 

Polyprioo 888,341,842,343,844 

amerioanna 842 

oerniom 841,842,843 

kneri 842,848 

ozygeneioa 841,842,344 

piognatbna 842,343 

Priaoantbiobtbya 350 

PriacantbidfD 829 

Priacantboa 829,844,846 

Prionodea 882, 393, 394, 395, 896, 899, 400. 401 

CMoiatoa 407 

atilboatigma 409 

Prooeedinga U. & National Haaemn, cited 829 

Prognatboa 842 

Promicropa 888,868,364 

««•» 864 

gattatoa 343,360,361,868,364 

itaiara 304 

PromioToptoma 886,337 

daooratna 838,339 

Pronotogrammna 886, 411, 414, 416 

•oa 413 

maltiCMciatns 411,418 

peraanna 418 

Tivanoa 418 

Proapinoa 849 

cbloroptema S60 

PaeadoobTomididBB 418 

Paendopriacantbns 330 

Paeadoaerranoa 877,889,400 
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PMadoMrnmos bioolor 411 

cabrillA 411 

PndiAD* 378 

BabirabbiAdeloAlto 881 

Bed gToaper 861 

hind 8S5 

Bhyptioiia 886,837 

aronatns 841 

bioolor 889 

bifttriapinosiu 888 

bistnapiniis • 888 

deooratoa 888,839 

maoolAtos 838»839 

mioTops 840 

nigripninis 889 

nigromaoaUtna 841 

pitiiit^Miis 888 

saponaceas 840 

aabbifrenatas 840 

zanti 889 

Birer perch of New York 421 

Bobalo .. 425 

BocooB 838,422 

amerioaniia 421 

chryaopa 422 

intermptna 420 

lineatna 420,421-423 

saxatilii 423 

striatua 422,423 

Book-fiah 889-423 

Book Hind 854 

Boaaoeoa 868 

BoQKhhind 878 

Bnberrima 885-887 

Bypticna 830,382,888,837,874 

arenatoa 831,338,840 

bioolor 831-8S9 

bistriapinas - 837,838,339 

ooriaoeua..'. 341 

miorops 340 

nigripninia 339 

nigromacnlatoa 831,341 

saponaoeoB 338,339,340,341 

xanti 339 

Saochetto 895 

Scamp 388 

Schistoma 850 

myBtacinns 360 

Soi»na diacantha 425 

gadoides 343 

lineata 42J;428,424 

punctata '426 

Scirenga 869,365 

Sea-baaa of Europe 425 

Sea-perch 410 

Sellicaada 356 

Serranellas ..399,400,404 

Serranichthya 374 

Serranid» 329,330, 

331. 332, 333, 334. 335, 336, 345, 350, 351, 400.418. 419 

SerraniniB 330, 332, 334, 377, 395 

Serrano 397,411 

Serranoida 360 

Serranns. . . 330, 335, 347, 348, 350, 362, 383, 377, 382, 389, 391, 396, 

399,400.404 
aoaatbopboras 388 



Page. 

Serranna aontiroatria 871,872 

enena •. 369 

aequidena 408 

albomacnlatoa 889 

alexandrinoa 858 

aitivelia 374 

analogns 854 

angoBtifrona 375 

annolaria 331,406 

apiarina 378 

apoa 356 

arara 355,370 

aaperana i 358 

atrariaa 302 

atrioaada 410 

atrobranohaa 406 

aaratoa 379 

Uvittatiia 399 

bonaoi 870 

braailianaia 405,406 

Iminneaa 370 

oabriUa 899,400,411 

oalopteryx 407 

eamelopardalia 869 

oaninna 858 

capreolns 855 

oaranna 880 

oardinalia 870 

oaatelnaai 831,409 

eataa 866 

oemioidea 858 

ohlomrua 885 

olathratoa 890 

oolonna 381 

oonceptionia 899 

oonaperana 857 

coronatoa 879 

ooBte 358 

ooaohi 841 

ooortadei 854 

oreolas 881 

oyclopomatna 370 

decimalie 37(1 

dichropteros 859,875 

dimidiatus 372 

dispiloroa 405 

dabins 380 

emarginatas 873 

erythrogaster 361 

faloatoa 868 

fiwoicalaria 396,397 

feUnna 369 

flmbriatoa 359 

flavescens 331,408 

flaviTentria 406 

fbrmosua 397 

farcifer 381 

furvua 392 

ftiAOue 373 

fascolas 407 

galena 364 

gigaa 359 

goreenaia 358 

goasa 363,364 

guativere 379 

gattatas 878 
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Semums gymnopftreios 378 

hepatoa 395 

homeralis 38» 

impetiginosaa 354 

inermia 876 

interstitiaUa 371 

irradiADB 397 

itaiara 383 

Jaoome 408 

labrifonnia 856 

lampmms 384 

Utepiotna 370 

loati 377 

laciopercanua 403,409,410 

Innalatus 355 

lati 877 

macnlatofasoiataa 388 

macnlatns 854,355 

margaritifer 357 

marginatas 359 

mentzeli 350 

morio 361 

mystaoinas 360 

oebulifer 388 

nebaloant 409 

nigresoeiis 392 

niRriculiis 854 

nigritos 861 

niveataa 357 

novemcinotas 411 

ooyamt 392 

olfax 364.367 

ongaa 350,375 

otiatalibl 379 

panamensia 378 

papilionaoeaa 410 

pernanaa....- 331,402,408,409 

petroaua 369 

philadelphicaa 392,393 

phcabe 407 

pixanga 854 

pneatigiator 408 

paittacinna 407,410 

qninqiiefaaciataa 363,364 

ndialia 398 

radians 397 

remotua 361 

repandos 869 

riTolataa 869 

ruber 372 

mftia 892 

mpestria 370 

aeriba 378,396.400,402,410 

Mmifaaolataa ■ 389,890 

■tilboatigma 409,410 

atriatua 356 

•abligarina 401.405,406,410 

tabacarina 408 

tnniopa 879 

tigrinaa 408 

tigria 369 

tinea 373 

tonaor 416 

triftirooa 892.393 

nndoloaaa 373 

varins 355 



Sioanaa 862,363 

Smeotloaa 336,340 

bicolor 336,339 

Soap-flah 338,340 

••Spaniah Flag" 346 

Sparidae 400,419 

Spama atlanticaa 354 

obryaomelannrua 357 

omentatoa 378 

aeirenga 358,359,372,375 

Speckled hind 866 

Spotted Cabrilla 888 

Squirrel-flah 397 

Stereolepla 333,3*3,344 

Californloaa 344 

gigaa .343,344,361 

Stizoatedion 330 

Stone-baaa 341 

Striped baaa 423 

Symphodaa tinea 349 

TflBniopa 877.378 

Tallywag 891 

Traohinaa adaoenaionia 854 

oabeck 864 

pnnotatna 85< 

TrUobnrna 890.391 

Triaotropis 364,865 

aontiroatria 871 

ago^i 870 

bonaoi 370 

bmnneos 370,371 

oalliama 368 

oamelopardalla 369 

ohloroatomoa 871 

dimidiatoa 372 

Adcataa 868 

interatitialla 371 

microlepia 871 

petroana 869 

retioalatna 869 

rosaoeoa 868 

atomiaa 871 

tigria 369 

nndnloaiis 869,378 

Traoha of Chili 427 

Tardaa Caada convexa 379 

Undnloaoa 373 

Uripheton 877 

Vaca 384 

Vaila 425 

Vaqaeta 410 

Variola 332,377 

White baaa 422 

lake-baaa 422 

perch 421 

aea^baaa 421 

Wreck-fiah 841 

Xanthoaticta 866,870 

XenichthyinjB 419 

Xenichthya 419 

xenama 419 

Xeniatioa 419 

Yellowbaaa 420 

finned grouper 357 

fifth 379 

grouper 887 



lO.-REPORT ON THE PROPOSED INTRODDCTION OF THE JAMAICA MOUNT- 
AIN MULLET INTO THE UNITED STATES. 



• BY TARLETON H. BEAN. 



LETTER OF TRANSMITTAL. 

Sm: I inclose herewith sach material as Icoald find bearing apon the experiment 
of the introdaction of the Jamaica moautaiu mallet. These data have been gathered 
from varioos sources and, while they are not in all respects so satisfactory as they 
might be, they appear to me to justify the proposed acclimatization of the species, 
and to indicate that the transfer can be snccessfally and profitably made. After giv- 
ing a brief differential diagnosis of the genas Aganostoma, contrasting it with oar 
marine mallets, I have collated such notes on the habits and characteristics of the 
Jamaica species as I could find in the publications upon that island. 

A general sketch of the Jamaica mountain ranges follows, and after this occur 
notes upon the character of the rivers, their elevation, and the temperature of the air 
at various heights, whenever such data were accessible. 

The same kind of information has been collected from State reports, atlases, and 
newspapers concerning the States of North Oarolina, South Oarolina, and Georgia, in 
the alpine regions of which States, in my opinion, the experiment will be most likely 
to succeed. I believe that streams suitable for the undertaking may be found in all 
of these States, and, perhaps, in some others which contain elements of the Appala- 
chian chain. 

In North Carolina favorable results may be expected in the Yadkin, Catawba, Big 
Pigeon, and French Broad. In this State the Appalachian chain reaches its greatest 
elevation, and the mountain streams have the general character of Jamaica rivers in 
which the mountain mullet abounds. Brook trout are indigenous to, and abundant 
in, streams in the vicinity of Mount Pisgah, in Haywood County, the Big Pigeon and 
its tributary creeks in particular. Landlocked salmon and rainbow trout have been 
successfully reared in this Commonwealth. I assume that trout streams will prove 
suitable for the species of Agonostoma. 

In South Carolina the Eeowee and some of the mountain tributaries of the Oon- 
garee would seem to promise the best localities. In 1882 the South Oarolina Fish Com- 
mission planted 166,000 salmon and some salmon trout in the waters of the State. 

443 
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In the alpine regiou of Georgia there are streams tributary to the Tennessee, the 
Goosa, and the Chattahoochee which appear to be adapted to the experiment. Some 
of the small tributaries of the Savannah may also offer a suitable home for the species. 
Particular attention might be given to streams originating in the Eabnn Bald and the 
Brasstown Bald, on the summits of which peaks arctic insects are found. 

From a comparison of the data respecting the temperature, elevations, and the 
nature of the water-courses, it appears to me feasible to introduce the Jamaica mount- 
ain mullet into alpine streams of the Southern States above mentioned and, perhaps, 
into some others. It remains an open question whether or not a supply of a species of 
Agonostoma could be obtained from Mexico instead of Jamaica. If the Mexican species 
is accessible and sufficiently abundant, there would be the advantage of rapid trans- 
portation by rail. 

Very respectfully yours, ^ 

T. H. Bean, 

Ichthyologist. 
Gol. Marshall McDonald, 

U. 8. Commissioner of Fish and Fisheries. 



THE GENUS AGONOSTOMA. 

(Mountain Mallet.) 

The genus Agonostoma belongs to the mullet family and is very closely related to 
the marine mullets, Mugil spp., but its species are characterized by the presence of 
teeth in the jaws, by a less muscular stomach than that possessed by Mugil^ and by 
their fresh-water habitat. 

The number of known species is not large, but their range is extensive. They 
occur in the West Indies, Central America, Mexico, Mauritius, Celebes, Australia, 
Comoro Isles, and in New Zealand. 

Agonostoma nasutum is found in the rivers of Guatemala. A. monticola is said to 
occur in Mexico as well as in numerous rivers of Jamaica. Investigation might show 
that it would be more convenient to obtain a supply from Mexico than from Jamaica. 

Agonostoma^ like Mugily feeds upon soft organic materials and very small animals. 
The intestinal tract is very long and makes many convolutions. 

Agonostoma montioola. 

(Mountain Mullet.) 

" It is * ♦ ♦ known ♦ ♦ ♦ as the Mountain Mullet on account, it is said, 
of its being entirely confined to the high water- courses; but this is not true. It is to 
be seen and is commonly taken by the angler even at the mouths of all our mountain 
streams as they mingle their waters with the ocean. ♦ ♦ ♦ They are also called 
the Stream Mullet, on account of one of their habits, viz, swimming in the center or 
hugging the sides of running sweet waters. It is a very delicate fish ; the flesh is 
remarkably sweet and white, and the roe is a most recherche morsel. In general it is 
found nearly as large as the fish itself. The Mountain Mullet seldom exceeds 10 inches 
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in length, and weighs half a poand, and in some instances above a pound. • • • 
In the Tallah's, the Bnff Bay, the Wag Water, and particnlarly the Swift and Span- 
ish Rivers they are to be seen in this peifection of their growth. The Stream or 
Moan tain Mullet rises readily at the fly; a black or a red tackle is generally most 
successfal. For bait fishing the scoured earth-worm kept in damp moss, small silver 
prawns, and half-ripe avocado pears are the best. There are two modes of dressing 
them for the table. First wrap them up in a plantain leaf and pat them in hot ashes 
and there let them remain for an hour ; but the writer prefers them fried. The fine, 
large, delicious roes should not be treated in any other way for the gourmet It is the 
best mode of preparing them for the table. 

'^ The Mountain Mullet is entirely confined to the fresh water-courses, even to their 
final termination in the great and wide sea. As both mandibles of the Stream Mullet 
are full of very small teeth, some precaution is necessary in angling for them. The 
material (gat, as it is termed) by which the hook is attached to the line is much abraded 
and worn after taking a dozen or two of these fishes, and ought to be renewed." 

AOONOSTOMA MIOBOPSt 
(Hog-nose Mallet.) 

A large species of Agonostomuy known as the Hog-nose Mullet, occurs in the Bio 
Grande. This is described as one of the most palatable of the species. *< The length 
of the Hog-uose Mallet taken out of the Swifb Biver, below the Fish Done, will often 
measure 23 inches and usually weighs from 2 to 4 pounds. It is designated by tbis 
name on account of the elongation or projection of the cartilage of the upper mandible 
considerably over the lower, ending in a blunt point, with which contrivance it turns 
up mud, or the fallen leaves frequently found in conglomerated heaps, etc., in search 
of its ordinary food. 

^'This fish does not rise to the fly. It is by bait alone that the skillful fisherman 
can hope to secure so rich, so desirable a prize. The baits most used with success are 
fresh red earth-worms, small silver shrimps taken out of springs and streamlets in the 
vicinity of rivers, half-ripe avocado pears, et-c. The silver shrimps are preferable^ 
they are the best of all baits. The hook must be attached to fine silver gimp, about 
8 or 10 inches long ; gut and Indian weed in common use will not answer to secure the 
fish, by reason of its teeth, which so fret these materials after a few straggles that they 
break asander and the captive escapes. * * * This Mullet is easily scared, very 
sly and retired in its habits, and is rarely seen swimming to and fro like its congener." 

JAMAICA MOUNTAIN RANGES. 

The surface of the island is extremel^'^ mountainous and attains considerable alti- 
tudes, particularly in the eastern part, where the central range is known as the Blue 
Mountains. A great diversity of climate is therefore obtainable ; from a tropical tem- 
perature of 8(P to 860 at the sea-coast the thermometer falls to 45o and 5(P on the tops 
of the highest mountains, and with a dryness of atmosphere that renders the climate 
of the mountains of Jamaica particularly delightful and suitable to the most delicate 
constitutions. 
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The midland parts of the island are of oonrse the highest. Through the oounty 
of Surrey, and partly through Middlesex, there runs the great central chain, whi<di 
trends generally in an east and west direction, the highest part of which is the Blue 
Mountain Peak, attainin g an elevation of 7,360 feet. 

From this range subordinate ridges or spurs run norUierly to the north side of the 
island, ami southerly to the south side ; these ridges in their turn are the parents of 
other smaller ridges, which branch off in every direction with considerable regularity 
and method ; and they again throw off other ridges, until ttke whole surface of the 
country is cut up into a series of ridges with intervening springs or guUys. 

BIVEBS OP JAMAICA. 

While most of the rivers have generally northerly and southerly directions, it must 
not be forgotten that the subordinate ridges, which are nearly at right angles to these 
lines, will produce subordinate streams, meeting the rivers on their eastern and west- 
ern banks. 

In consequence of the great elevations from which most of the rivers flow they are 
very rapid in their descent, and in times of flood become formidable torrents, sweeping 
everything before them and operating as dangerous obstructions to the traveler. 

Bio Grande River ^ in the parish of Portland, is one of the finest rivers in the island ; 
it flows from the northern slopes of the Blue Mountains. The Back and Stony Rivers, 
two of its great affluents, furnish not only some of the loftiest and most picturesque 
water-falls, but the wildest and most romantic country in the island. 

The elevation of the western peak of the Blue Mountains is 7,360 feet. 

The mean annual temperature of the air at 7,500 feet is 57.4<^. 

The upper districts of this region are too cold for coffee, but suitable for cinchona. 
Lower portions are adapted to coffee and cocoa. 

Swift Eiverj in the parish of Portland. It has the same character as the Bio 
Grande. 

Spanish River^ in the parish of Portland. It has the same character as the Bio 
Grande. 

Buff Bay River y in the parish of Portland. It has the same character as the Bio 
Grande. 

AguaAlta ( Wag Water) River ^ in the parish of St. Andrew. It rises in the mount- 
ains back of Stony Hill ; runs through the parishes of St. Andrew and St. Mary, 
debouching at Aunott Bay. 

The elevation of Stony Hill, where main road crosses it, is 1,360 feet. 

The air temperature of Stony Hill, at an elevation of 1,426 feet, is 75^. 

Yallali^H Rivevy in the i)ari8h of St. Thomas. In consequence of the great eleva- 
tion from which it flows it is very rapid in its descent, and in times of flood becomes 
a formidable torrent. 

Yjillah's Hill is 2,348 feet high. 

The mean annual temperature at this elevation is about 72.6^. 

The IJope River rises in the hills around New Castle, and joins the sea at the sixth 
mile-stone from Kingston, on the windward road. From this river the city of Kings, 
ton is supplied with water. 
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Willard Nye, jr., informs me that the water at the dam, 6 miles from Kingston, is 
not too cold for comfortable wading. 

New Gastle Hospital is at an elevation of 3,800 feet The mean annnal tempera- 
ture of the aur at this height is 68^. 

NOBTH OABOLINA. 

MOUNTAINS. 

For 40 miles behind the flat region there extends as far as the lower foils of the 
rivers a belt of land of a surface moderately uneven, with a sandy soil, of which pitch- 
pine is the natural growth. Above the falls the surface is undulated, and still farther, 
beyond the Yadkin and the Oatawba, is an elevated region, forming part of the great 
central plateau or table-land. On the border, between this State and Tennessee, is 
found the highest land east of the Mississippi Biver. The two ranges known as the 
Black and Smoky Mountains are the termination of the Appalachian range; and the 
highest peak of the first, called Black Dome, rises to a height of 6,707 feet, while the 
highest peak of the second attains an elevation of 6,306 feet, and is known as Boan 
Mountain. 

RIVERS. 

Among the rivers which would seem to be best adapted for the exi)eriment with 
the mountain mullet are the Catawba, the Big Pigeon, and the French Broad. The latter 
two may have some advantage over the first, as they fall into an elevated basin in the 
mountains of eastern Tennessee, and mingle finally with the waters of the Gulf of 
Mexico. The Tadkin may also be a suitable stream for the purpose. There are many 
streams in western North Carolina in which the brook trout abounds, and it is highly 
probable that trout streams would be entirely suitable for the mountain mullet. In 
the American Field, beginning March 10, 1888, and continuing to the present time 
(April 14), is a series of articles on trout fishing in western North Carolina. The writer 
of these articles fished the Pigeon River, in Haywood County ; also Crawford's Creek, 
a tributary of the Big Pigeon ; Shining (or Shinning) Creek ; and Hungry Creek. In 
Crawford's Creek and Shining Creek he found trout abundant. These streams are in 
the vicinity of Mount Pisgah. 

Pigeon Biver, in this locality, is a very rocky and rapid stream. <^ There are long 
riffles, deep pools, and big overhanging rocks almost without number, and it is the 
very ideal of a trout stream. It would be a splendid stream for salmon, I should think, 
but I do not know if they could get up there from the ocean. Salmon have been 
planted in the lower waters of the Pigeon, but I do not think they can make the jour- 
ney to the sea. Perhaps the land-locked salmon might thrive in that river, but I think 
the fish would die in attempting a journey up and down the Mississippi." 

SOUTH GABOLINA. 

<< The alpine region of South Carolina occupies the extreme northwestern border of 
the State; commencing at King's Mountain, in York County, it extends westward 
throughout Spartanburgh, Oreenville, Pickens, and Oconee Counties, widening in the 
three last named until it embraces a tier of the most northern townships, two or three 
deep. This wedge-shaped area has a length of 114 miles, and a width varying from 8 
to 21 miles. 
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^ The physical features of this region present a rolling table-land, broken or hilly on 
the margin of the streams, bat scarcely anywhere inaccessible to tlie plow. It has a 
general elevation above the sea-level of 1,000 to 1,500 feet. The gently andalatmg 
surface extends to the monntaius, whose rock-bonnd walls often rise suddenly to their 
greatest height. 

^^ The boundary line of Sonth Carolina reaches the most easterly chain of the Appa- 
lachian Mountains, known here as the Saluda Mountains, near the comer of Green- 
ville and Spartanburgh Counties, and follows the summits of the ridge for 50 miles (30 
miles in an air line), until it intersects the old Cherokee Indian boundary line. From 
this point the mountain chain, here called the Blue Ridge, curving a little to the north, 
passes out of the State, and the boundary line pursues a more southerly and a straight 
course to whex^ the east branch of the Chatnga intersects the thirty-fifth degree of 
north latitude. The Chatnga flowing westward to its junction with the Tagaloo 
River, which in turn becomes the Savannah River, flowing to the southeast, are the 
northwestern and western boundaries of the State. The mountain chain divides the 
waters of the State flowing to the Atlantic Ocean from those flowing northward, 
which eventually find issuance to the southwest through the Tennessee and Miasia- 
sippi Rivers into the Gulf of Mexico. Considering the water-shed of Sonth Carolina 
alone, the culminating ixiint whence the rivers of this section flow is to be fband in 
the horseshoe cnrve of the mountain chain north of the straight boundary Une i«- 
fon^l to as uniting the Chatuga and the Blue Ridge. Hence the numerous sooroea 
of the Keowoe, Whitewater, Toxaway, Jocassee, and other creeks take their riae and 
flow nearly due south. The main stream of the Saluda sweeps away to the east, and 
the Chatuga hurries westward. 

^^The elevation above the mean level of the sea of the following pcnnta in w eaUam 
Sonth Can>lina wew detemiiueil by the U S, Coast and Geodetic Survey : 

•• King's MiMint;un. l,(>i>2 feet : Paris Mounroiu near Greenville , 2,1^54 feet: Csesar'a 
Head, 3,11>: Mount Pinnacle mear Pickens, the highest point in South Carolina), 
:v4o6 feet. 

•• The bnieiui: and healthy climate of this region, its beautiful scenery, the bold 
mountain oatl.nes, tho nob luxuriance of every iirrowth, no slanted plant on mountain 
suie or suiuaiit, every j^art, even the orevi.^^s of ibe iwks, covered with trees or shrubs 
of some k;nd, all tull ot life anvi vigor : the clear, soli streams that trvt?rywhere leap in 
a succession of v\isoades from oWiT aiui olitf an.i sjvirkle :n their course along the nar- 
i>^w but fertile valleys, have maiie it for generations a health and pleasure lesotrt dur- 
iuc summer." 
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South Carolina springs. 



Locality. 



Poinsett Spring, in Greenville, near North Carolina line 

Spring on Jones' Gap Road, near turnpike gate 

Cold Spring, or Caesar's Head 

House Spring, Caesar's Head 



Time of 
observation. 



Jnne7, 7.30 a.m.. 
Jane 16, 2 p. m . . . 
Jane 29. 9. 30 a.m 
Jane 29, 10.30 a.m. 



Temperature. 



Air. 



o 
72.050 
76.74 
80.60 
7&80 



Water. 



o 

56.86 
57.56 
S5.40 
57.56 



In 1882 the Soath Carolina Fish Gom mission released 166,000 salmon in the waters 
of the State, besides some salmon trout. 

It seems important in this connection to call attention to the numerous lakelets 
or springs in the pine barrens of South Garoiina which have no outlets or are believed 
to communicate through fissures in the limestone rock with a subterranean stream or 
lake many miles in extent. The water in these lakelets is of crystalline clearness with 
a depth of 12 to 15 feet, and abounds in all the species of fresh* water fish common to 
the locality, including eels and alewives. Something similar to this is observed in 
Jamaica. 

GEORGIA. 



MOUNTAINS. 



^< The great Appalachian chain forms by far the leading topographical feature of 
the long lino of the Atlantic States. In its relation to this great feature Oeorgia has 
its entire northern boundary among mountain ranges extending beyond her limits into 
Alabama on the west and South Carolina on the east. No peak in Georgia is a mile 
high, Mount Enotah, in Towns County, the highest, being 4,796 feet. The most noted 
mountains are the Eabuii Bald, Blood, Tray, Yonah, Grassy, Walker's, Lookout, and 
the Stone Mountain, the largest mass of solid granite in the world." 



RIDOES. 



<^ The great ridge runs from the St. Lawrence River through the Atlantic States 
to Cape Sable, in Florida. This ridge, of which the culminating points are mountains, 
passes almost centrally through Georgia. It is for three-fourths of its length the long, 
irregular eastern edge of the great Mississippi basin. 

^' The second great ridge separates the Mississippi Valley from the Gulf slope. 
This, the southern edge of the Mississippi basin, also passes through northern Georgia. 
The two ridges meet near the comer of Babun, Towns, aud White Counties. 

'^At this critical point a man standing with an umbrella in a shower sheds the 
water so that one part reaches the Atlantic near Savannah, a second part the Gulf at 
Apalachicola, while a third enters the Gulf below New Orleans, having passed succes- 
sively through the Hiwassee, the Tennessee, Ohio, and Mississippi Rivers." 



RIVERS. 



** In Georgia, which partakes of three great slopes, the rivers run in all directionSi 
southeast, southwest, west, and north. They run as from the apex of a cone." 
Bull. U. S. F. C, 88 29 
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The aooiial meao temperature m somiiier is 79.7^, whidi is aboat the same as the 
lowiaodii of Jamaica. The iriDter mean is aboat 5(P. In iM^tiieni Georgia the sum- 
mer mean is abuot 75^, the winter mean about 42^. In south Georgia the annual 
mean is 67.7^ — summer, SUS^; winter, 53.0^. In middle Georgia the annual mean is 
03JP— summer, 79J2^ ; winter, 47^. 

The mean temperature of Atlanta corresponds with that of Washington City, 
Lonisviile, and St. Louis* The extremes are seldom as great as in the Northern States, 
and sanstrokes are less frequent. On the whole, the range of changes in climate is 
▼ery wide, from the invigorating climate of the mountain to the rather debilitating 
climate of the South, modified, however, by the sea-breeze. 

**T1ie mouDtaiDoos parts of the State lie in one degree of latitude, north of the 
thirtj'foarth paralieL 

^*The Appalachian chain enters the State with severfil parallel lines of elevations; 
the highest of thei^e, the Blue Bidge, has an altitude of over 3,000 to nearly 5,000 feet. 

^* The Cohutta range continaons with the Unaka of Tennessee, 3,000 feet iu alti- 
tude, with an abrupt escarpment toward Oostanaula on^the west, lies about 20 miles 
west of the Blue Bidge. 

^^ Next in order on the northeast comes the Lookout and Sand Mountain, table-lands 
belonging to the Alleghany system. Between the principal ranges of mountains here 
enumerated are numerous minor elevations or ridges observing a general parallelism. 
These decrease in height towards the southwest, and ultimately die out, the most 
easterly ranges disappearing first, and the others in succession. The Blue Bidge, as 
an unbroken chain, extends only about one-third the distance across the State, termi- 
nating abruptly. The Oohutta range continues into Alabama in a low elevation, 
known as Dugdown Mountain, while the table-land mountains, with their associated 
ridges, extend with decreasing altitudes many miles into Alabama." 

DRAINAGE, 

"The streams of the State flow either into the Atlantic Ocean or into the Gulf of 
Mexico. The divide between these water sheds runs from the Okefiuokee Swamp a 
northwesterly direction to Atlanta, whence it follows the Chattahoochee ridge a 
northeast direction to Habersham County, when it curves to the north, extending to 
Union County. 

Of the Gulf drainage the larger part flows directly to the Gulf through the Chatta- 
hoochee and the Coosa Rivers jiiuI their tributaries, while some smaller streams near 
the northern line of the State belong to the Mississippi drainage system. The divide 
between these systems runs a zigzag course, often crossing the trend of mountains 
and valleys from near the northwest to the northeast corner of the State, dipping 
into the States of Tennessee and North Carolina at several points. 

"On the summits of some of the mountain peaks, as the Rabun Bald and Brasstown 
Bald, arctic insects are found. Of this belt Georgia has but a bare patch, however, 
extending into North Carolina." 
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11.-THE TRANSPLANTING OF LOBSTERS TO THE PACIFIC COAST OF THE 

UNITED STATES. 



BY RICHARD RATHBUN. 



INTRODUCTION. 

This paper has been prepared chiefly for the par|)ose of recording in convenient 
form for reference the several attempts that have been made to introduce the Amer- 
ican lobster {Homarus americanus) on the western coast of the United States. It 
seems appropriate, however, that the detailed account of the shipments should be pre- 
ceded by a few general remarks. 

The genuine lobsters of the North Atlantic Ocean have no true representatives on 
the Pacific coast of the North American continent, where the only crustacean north of 
Point Conception, California, now deemed worthy of commercial recognition is the 
large crab (Cancer magiater). South of Point Conception we find the so-called spiny 
lobster, or salt-water crayfish ( Panulirus interruptus)j which ranges southward to 
Mexico. This species, which is very unlike the Eastern lobster, occurs abundantly in 
some localities, where it is much sought for as an article of food, supplies also being 
sent to the San Francisco markets. The omission of the true lobster from the aquatic 
fauna of the Pacific coast has been considered by the inhabitantJS of that region a 
great misfortune, and while its absence causes neither suffering nor affliction, it is 
much desired both as an article of commerce and as an added variety to the food 
supply. Demands have been made upon the Government to attempt its colonization 
there, and the State of California has several times lent its aid in the matter, both by 
independent action and by co-operation with the U. S. Fish Commission. The scheme 
has received the approval of high authorities, and the benefits to be derived from the 
introduction of so useful a species is generally admitted. 

Before engaging in so difficult and expensive an enterprise it is important that it 
should have careful consideration both as to its utility and its promises of success, and 
this it has received, especially since the matter was taken in hand by the General 
Government. Some persons not acquainted with the facts have deprecated the 
transplanting of the east coast species on the assumption that the west coast already 
has its lobster in the Panulirus^ already referred to. The so-called spiny lobsters, or 
langaustes of the French, form a large and conspicuous group distributed through- 
out the warmer parts of the globe. In the North Atlantic we have two well-known 
species, one inhabiting southern Europe, the other the Southern United States, the 
West Indies, etc. Both of these are highly prized for food, but the American species 
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does not, in its range, overlap that of the trne lobster, nor compete with the latter in 
any of oar markets. On the Pacific coast the spiny lobster is confined to the south- 
ward of Point Conception, which to some extent marks the dividing line between a 
warmer and a colder fanna. The same influences (temperatnre mainly) which thus 
restrict the range of Panulirus to the south of Point Conception would limit the dis- 
tribution of the true lobster to the north of the same point, providing its introduction on 
the Pacific coast was attended with success. There would be no more conflict between 
the two species than now occurs on the Atlantic side, but the same condition of affairs 
would be expected to exist. The comparison may perhaps be strengthened by imag- 
ining the extinction of the true lobster on the coasts of the Middle and New England 
States and the British Provinces. Its place could scarcely be filled by the Southern 
species. 

Admitting the expediency of stocking the Pacific coast with lobsters, the ques- 
tion of their adaptability to that region next requires investigation. The North 
Atlantic and North Pacific Oceaus have much in common with respect both to their 
physical and their biological characteristics. Identical species of fishes and marine 
invertebrates inhabit the northern parts of both oceans, and the number of related 
forms in the two regions is very great. The natural resorts of lobsters on the eastern 
coast, rocky, gravelly, and sandy bottoms, covered in places with kelp and rock- weed, 
aud with an abundauce of aquatic life suitable for food, occur throughout the North 
Pacific region from California to Alaska. Temperature, however, is probably to be 
regarded as the most important factor determining the fitness of the region for this 
new food product, and it is the only one which we can now pretend to measare 
although we have little data respecting it for the western coast. 

On the Atlantic coast the lobster ranges from Delaware to Labrador, being most 
abundant between the Cape Cod region of Massachusetts and the Oulf of St. Law- 
rence and Newfoundland. Its bathymetrical distribution is from the littoral zone (in 
some localities) to depths of probably 50 and 60 fathoms, but the fishery is chiefly car- 
ried on inside of a depth of 30 fathoms. It apparently does not migrate up and down 
the coast to an appreciable exteut, but moves off into deeper water with the approach 
of winter in order to escape the severe cold. 

The continuous temperature observations in the possession of the Fish Commission 
relate mainly to the surface waters, but in the shallow areas where they were taken 
there is generally not much difference in this respect between the surface and the bot- 
tom. Delaware Breakwater, practically the southern point in the range of the Amer- 
ican lobster, which occurs here only in small numbers, is located between the light- 
ships at Winter Quarter Shoal, Virginia, and Five Fathom Bank, New Jersey, the 
distance between these light-ships being about 56 miles. At the former the annual 
range of water temperature is from 35<^ to 76o Fahr., at the latter 37o to 76^, there 
being practically no difference between the two.* Above Five Fathom Bank light- 
ship, on the New Jersey coast, lobsters become somewhat more abundant on several 
off-shore banks, the range of temperature at Sandy Hook light-ship, just to the north 
of these banks, being from 33° to 74^ Fahr. In Long Island Sound, where several 
important fishing localities exist, the range, as determined at Bartlett's Keef and 
Stratford Sboal light-ships, is from about 33^ to 70^ Fahr. The middle portion of Vine- 



* In all of those records the observations for January, February, and the first part of March are 
omitted. 
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yard Sonnd, farther to the eastward, has the same range of temperatare. The region 
adjacent to Block Island, the Elizabeth Islands, and Martha's Vineyard, is the most im- 
portant one for lobsters sonth of Gape Cod, and here the range of surface temperatare 
as observed at Brenton's Beef and Vineyard Sound light-ships is from about 32^ to 
690 Fahr. 

At Pollock Rip light-ship, off the southern end of Cape Cod, the range is reduced 
to from 32^ to 62^ Fahr., and in the Gulf of Maine we find the same range by combin- 
ing the results of observations at all stations, although in some places the maximum 
is only 54^ Fahr. 

For comparison with these observations we have continuous records for only two 
localities on the Pacific coast; namely, San Francisco, California, and Cape Disap- 
pointment, at the mouth of the Columbia Kiver. At the former place the surface 
range is from about 51^ to 61^, the bottom temperature being seldom more than a 
degree lower at any time ; at the latter the surface temperature ranged from 40.5^ to 
65. 750 and the bottom from about 42^ to 65^ The higher maximum at Cape Disap- 
pointment is due to the fact that the observations were taken in shallower water on 
the inner side of the cape, in the vicinity of Fort Canby ; they are also limited to a 
period of two years, while at San Francisco th^ records extend through six years. 

The lobsters transplanted to the Pacific coast in 1888 and 1889 were all obtained ' 
in the Vineyard Sound region, anfl chiefly ic the vicinity of Vineyard Sound light- 
ship. The shipment of 1888 was mostly planted at Monterey, California, about 75 
miles south of San Francisco, the balance g'^'^iig to the vicinity of Trinidad light-house, 
in the same State, about 200 miles north ol San Francisco. The water temperature 
at Monterey is probably not very different from that at San Francisco, while Trinidad 
light-house is intermediate in position between San Francisco and Cape Disappoint- 
ment At both of these observing; stations the records indicate ranges of temperature 
falling within those of the New England coast, and therefore presumably favorable 
to the existence of lobsters. 

In order to furnish the means of readily comparing the New England water tem- 
peratures with those of northern California we have introduced a graphic chart (Plate 
LXX) on which the temperature curves for San Francisco and the Vineyard Sound 
light-ship are plotted conjointly. The description of the chart will be found at the end 
of this introduction. By referencf> to the chart it will be seen that the temperature is 
far more equable at San Francisco than in Vineyard Sound, having a range of only 
about 10<=^ in the one case and of over 30^ in the other. The yearly range at San Fran- 
cisco corresponds to that in Vineyard Sound from May 20 to the last of June and from 
the first part of October to th'3 middle of November, seasons during which the lob- 
sters are on the in-shore groudds, the former being also the regular hatching season. 
In case lobsters become colonized on the coast of northern California it will therefore 
be interesting to observe if the more equable temperature of that region has any influ. 
ence in bringing about a chr.age in their customary habits. Will their off-shore migra- 
tions be less pronounced ar i their breeding season prolonged t Another matter which 
this temperature compariFon suggests is as to whether the more severe cold of the 
Eastern winters is essential to their welfare or not. There is nothing to prove the case 
one way or the other, but the fact that lobsters seek shelter from the extreme cold 
would rather indicate that they might not suffer from its absence. An additional ques- 
tion of interest to the biologist concerns the effect upon the existing fauna of theintro- 
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dactioD of the Eastern lobster apon a large scale. Will it, to any extent, disturb the 
general balance of life in that region, reducing the prominence of some species and i)er- 
haps aiding others in their struggle for existence t Only the future can decide this 
matter, but in any event the addition of the lobster to the Pacific waters could produce 
no harm for which the inhabitants would suffer. 

An erroneous notion prevails among many persons with respect to the dif&culties 
attending the transplanting of lobsters and the delays incidental to their introduction 
upon a new coast. It has indeed been a perplexing problem to determine the best 
methods of shipping them long distances over land, but even with that point decided, 
if we may so consider it, the task is still far from being accomplished. The lobster is, 
to the best of our knowledge, a slow-growing species, not attaining a length of 10 
inches within at least five or six years from the time of leaving the egg^ and by some 
it has been computed that the growth is even less rapid. The five hundred and sixty- 
five lobsters recently planted on the coasts of California and Washington can not in 
themselves be regarded as a direct addition to the food supply. They are only a breed- 
ing stock, and any increase in their numbers must be derived from the growth of their 
progeny, also taking into account the young embryos placed in the water off Monterey 
in 1888. The number of embryos planted by the Fish Commission was about 100,000. 
Supposing that Miey all lived, we could not at the end of five or six years have an 
addition of more than that number of adult lobsters in the Monterey region, and until 
that time there would be no additions to the original stock of breeding lobsters. At 
the end of the first year, or during the first breeding season following their introduc- 
tion, a maximum of 1,800,000 eggs and embryos would be all that could be expected 
from the original lot of females planted, under the most favorable circumstances, and 
providing they all lived that long. Prolonging these conditions, the maximum number 
of eggs would not be increased from year to year before the fifth or sixth year. It is 
probable, however, that the original stock of adult lobsters will not keep entirely to- 
gether, and some will undoubtedly become the prey of fishes. Moreover, lobster em- 
bryos are subject to great mortality, and only a very small percentage reach maturity. 
If at the end of six or even ten years a few thousand only compose the colony oft' 
Monterey, the experiment may be considered as successful, but when once it has been 
firmly established on so large a basis the annual increase will be much more rapid. 

The above remarks, perhaps at the first sight discouraging to some of the pro- 
moters of the scheme of introducing this important crustacean in the Pacific Ocean, 
but not appearing so to the Fish Commission, have been written with a special ob- 
ject in view. The General Government has, at considerable expense, made several 
plants of breeding lobsters in excellent condition upon favorable parts of the Pacific 
coast. Other shipments may be made in the future, but here the power of the Gov- 
ernment ceases, and it rests entirely with the people in whose districts the plantings 
have been made to give the experiment a fair trial. The grounds which the lobsters 
are observed to inliabit for the purposes of feeding and spawning should not, under 
any circumstances, be molested. The taking of lobsters purposely by any fishing 
method should be prohibited not simply for a specified term of years, but until there 
are positive indications that they have become firmly established ui)oii the coast, and 
all lobsters accidentally cai)tured should be returned to the water at once. It is in- 
cumbent upon the authorities not only to enact laws covering this matter, but also to 
provide that they be executed promptly and impartially. Without such co-operation 
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on the part of those whose interests are most at stake it can not be expected that the 
transplanting will result saccessfnlly. 

Information received from Monterey since this report was first written indicates, 
however, that the fishermen of that region thoroughly appreciate the necessity 
of protecting the lobsters to the full extent of their ability, and we feel assured that 
the experiment is receiving their earnest support. A few of the adult lobsters de- 
posited there have been observed during 1889, crawling upon the bottom in shallow 
water, but none have been captured in any of the nets. Young lobsters, measuring 
about 4 inches long, have also been reported from time to time, but until specimens 
have been examined by some one competent to identify the species, we can not give 
full credence to the statements concerning them, as other kinds of crustaceans re- 
sembling small lobsters occur on the California coast. 

The relative merits of the several methods of shipping live lobsters across the con- 
tinent which have been followed up to the present time can best be decided after 
reading the accounts of the different trials given in the following pages. The subject 
has to be considered from at least two stand-points. While one method may insure 
safe transportation it may, at the same time, be too cumbersome to permit of the 
carrying of a sufficient number of individuals to do any good. On the other hand, any 
method that allows too large a percentage of loss must be uneconomical and un- 
profitable. The successful planting of a region must depend upon the bringing to- 
gether of large colonies of individuals in favorable localities, and large cargoes must 
therefore be provided for. 

In comparing the different shipments we are obliged to omit the first one, made in 
1873, which ended in a railroad accident near the middle of the continent. On the 
second trial the lobsters were packed with straw and sponges in narrow box compart- 
ments, and were constantly sprinkled with sea water. Some were transferred, how- 
ever, during the journey, to a large tank of sea water. Out of the one hundred and 
fifty lobsters with which the car started, only four survived the journey. The pub- 
lished accounts of the trip are too meager to explain the causes of the failure in all 
particulars. The packing about the lobsters in the compartments was probably too 
dense, and the temperature of their surroundings may have been at fault, while fresh 
water entered the boxes from the melting ice. The packing materials were also prob- 
ably not suitable for the purpose, the straw tending rapidly to decay. 

On the third trial the lobsters — twenty- two females with eggs — were carried in three 
large tanks of sea water, maint^ained at a low temperature. No record has been left 
us of the amount of space taken up by the tanks and by the 1,000 surplus gallons of 
water carried along to make changes on the way, but it must have been considerable. 
Only one lobster died during the journey and the remaining twenty-one were planted 
in the vicinity of Bonito light-house, off San Francisco. It is curious to note, how- 
ever, that only female lobsters were included in this, as well as in the two former 
shipments, and unless some of the embryos contained in the eggs planted with them 
reskched maturity, no breeding could subsequently have taken place. 

By the time of the fourth and fifth shipments the means of transporting live fish 
had been greatly improved, and cars were in existence built specially for that purpose. 
The seasons of the year in which the shipments were made, however, were both un- 
favorable, but there had been no opportunity for a choice, as at other times the cars 
were needed for other branches of tbf^ work. The methods of packing followed 
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proved entirely satisfactory, and the results of both trials were eminently successful. 
A loose packing of moist rock- weed was placed about the lobsters, which were carried 
in open trays, and the temperature of their surroundings was kept as nearly as possi- 
ble between 42° and 45o Fahr. The shipment consisted of both males and females, 
and both sexes were planted in each locality. The lobsters were iu excellent condi- 
tion when returned to the sea, and unless some mishap shall befall them, they will 
probably be heard from again. In addition to the adult lobsters, 102,000 active 
embryos were planted off Monterey and 2,000 in San Francisco Bay. 
The accounts of the five shipments are given below. 

EXPLANATION OP THE CHABT COMPARING THE TEMPERATURE AT SAN FRANCISCO, CALIFORNIA, AND 

VINEYARD SOUND, MASSACHUSETTS. 

This chart represents by curved lines the average surface and bottom temperature at San Francisco, 
California, for six years (1878, and 1882 to 1886, inclusive) and the surface temperature at Vineyard 
Souud light-ship, Massachusetts, for seven years (1881 to 1887, inclusive^. The San Francisco temper- 
atures are shown by the continuous lines, the heavier line corresponding to the surface temperature and 
the lighter one to the bottom temperature. Only surface temperatures were taken at the Vineyard 
Sound light-ship, as indicated by the line composed of dashes. 

The construction of the chart scarcely requires explanation. It is divided by the heavy vertical 
lines into ten-day periods, with the exception of one fifteen -day period at the end of the year. The 
interspaces between the horizontal lines represent, each, one degree Fahrenheit. The temperature 
curves are drawn with reference to the lighter vertical lines in the middle of each ten-day period, 
and are based upon the mean reductions of ten days' observations in each year. At San Francisco one 
observation was taken dail}^, so that each point with reference to which the curves are drawn repre- 
sents sixty observations for the six years. In the case of Vineyard Sound light-ship, however, where 
two observations were taken daily for the seven years, each point is the equivalent of one hundred and 
forty observations. 

The temperatures at Vineyard Sound light-ship for January, February, and the first part of March 
are omitted on account of the occasional erroneous reading of the thermometer during that period. 

Vineyard Souud light-ship is anchored on the western side of the southern entrance to Vineyard 
Souud, Massachusetts, about 2^ miles southwest by west of Cuttyhunk Island, in a depth of 15 fathoniH. 
The temperature observations were taken by the light-house keepers. Important lobster fisheries have 
been carried on in this region for many years. At San Francisco the observations were made by au 
observer of the Signal Service at difterent wharves along the bay front, as follows: Foot of Vallejo 
street, foot of Washington street, foot of Jackson street, and foot of Broadway, the depth of water 
varying from 15 to 42 feet according to the locality and the state of the tide. 

FIRST TRIAL— JUNE, 187a. 

The first attempt to carry live lobsters to the Pacific coast was made in June, 1873, 
under the supervision of Mr. Livingston Stone, and in the joint interests of the State 
of California and the United States. The lobsters, one hundred and sixty-two in 
number, formed but a small part of the shipment, which consisted of severul species 
of fresh-water and marine fishes from the eastern side of the continent. A fruit car, 
furnished by the Central Pacific Railroad Company, was specially fitted up for the 
purpose with a lar<i:e stationary fresh-water tank, a large ice chest, and the means of 
carrying an abundance of salt-water. The lobsters were contained in six large cases 
at one end of the car, but the manner of storing and caring for them is not described 
in Mr. Stone's report. The specimens were obtained partly at the Boston market and 
partly at Wood's IIoll, Massachusetts. The car left Charlestown, New Hampshire, 
where most of the fish had been brought togttin'r for convenience of shipment, June 3. 
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It had on board 180 gallons of ocean water, bat tbis was to be used only in part for 
the lobsters, there beiug also several other species of salt-water fish. Omaha was 
reached on the sixth day out, at which time only forty lobsters remained alive. Just 
after leaving Omaha, however, a serious accident happened to the train, and the special 
car with its contents was precipitated into the Elkhom River. The first attempt, there- 
fore, ended in misfortuDe, but even with the crude method of handling the lobsters 
which was followed, one-fourth of the total number was carried safely during a period 
of time which in the present days of rapid travel would have taken the car nearly to 
San Francisco. 

SECOND TRIAL— JUNE, 1874. 

The second trial took place just a year subsequent to the first one, the car leaving 
Gharlestown, New Hampshire, June 4, 1874. This shipment was made by Mr. Stone 
under the sole auspices of the California State Fish Commission. As in the first 
instance, the consignment consisted of a number of Eastern species, from both salt 
and fresh water, there being one hundred and fifty specimens of lobsters, all of which 
were adult females, bearing eggs. Two lobsters were planted in Great Salt Lake, on 
the way, and only four reached San Francisco alive. The following account of the 
manner in which the lobsters were cared for is abstracted from the rei)ort of Mr. M. L. 
Perrin, assistant to Mr. Stone : • 

The lobsters were obtained in Boston, of Messrs. Johnson & Young, and were 
shipped to Charlestown, New Hampshire, June 3, on a special car. They were packed 
in seven pine boxes, each of which measured 3^ feet long, 15 inches wide, and 15 inches 
deep. A horizontal partition divided the boxes into two compartments, an upper and a 
lower, making two tiers, in each of which, except one, eleven lobsters were stored, being 
laid directly upon the wooden bottoms, with a packing of sponges over and around 
them. The ocean water was transported from Boston to Charlestown in six casks, con- 
taining 149 gallons each, or 894 gallons in all. This water was obtained outside of 
Boston Harbor, and upon arriving at Charlestown was mostly transferre<l to two salt- 
water tanks on board the aquarium car. These tanks were made of hard wood and 
were smeared with a mixture of resin and tallow in onler to render them water-tight. 
During a part of the journey they were used for salt-water fishes, and one of the 
original casks of sea- water was therefore carried on the car intact, to serve for the 
lobsters during the latter part of the journey. 

In preparing for the trip to Charlestown the sponges were wet with salt-water, 
and then so packed around the lobsters that the latter were completely hidden. Dur- 
ing the trip salt-water was poured upon the lobsters and the sponges were again sat- 
urated. At Gharlestown, on the morning of June 4, the day of starting on the long 
journey, the lobsters were all repacked in twelve boxes, subdivided into twelve com- 
partments, each of which was just large enough to admit one lobster, and about 6 
inches deep. There were no covers to the boxes, and each compartment ha\l an auger 
hole bored in the bottom to furnish drainage. Wet straw was laid upon the bottom 
under the lobsters, which were then covered with sponges as in the first instance. 
The boxes were stacked against the side of the car in two piles of six boxes each. 

The lobsters were examined twice a day. The sj)onges were removed and squeezed 
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oat over them, and then, being soaked again with the sea- water, were arranged aboat 
them as before. Broken ice was also placed over each compartment to reduce the tem- 
perature, and pailfuls of salt-water were often poured over the boxes as they lay piled 
against the side of the car. No lobster died during the trip from Boston to Charles- 
town, but during the first two or three days after leaving the latter place a few were 
found dead at each examination. 

June 6, sixty lobsters were put into one of the large tanks with marine fishes, the 
water being continually aerated by a stream of air forced through a hose, and kept at a 
low temperature by ice piled upon the top of the tank. The next afternoon the lid of 
the tank was found to have fallen in, and all the lobsters and other fish it contained 
were dead, but the precise cause of the mortality was not discovered. 

From this time on, a large quantity of ice was kept piled upon the boxes contain- 
ing the remainder of the lobsters, but the mortality was very great, being generally 
equal to one-third or one-half the number at each examination. On June 8, th*- fifth 
day of the trip, only twenty-five out of the one hundred and fifty with which the trip 
began were living. The reserve cask of 149 gallons of water was opened on this day, 
and they began to use the water from it instead of from the tank. June 9, the straw 
was taken from beneath the lobsters and they were packed entirely with sponges. 
This appeared to have a beneficial effect upon the few surviving specimens, and Mr. 
Perrin thinks that had this change not been made no lobsters would have reached San 
Francisco alive. June 11, when the water brought with them had become exhausted, 
a large supply of salt-water reached them from the Pacific coast, and gave them the 
means of treating the eight specimens then living with liberal doses and frequent 
changes. Two specimens were planted in Oreat Salt Lake, at Salt Lake City, and foar 
specimens were put into the sea at Oakland Wharf, San Francisco Bay, June 12, just 
nine days after they had been taken from the water at Boston. These lobsters were 
all females and two were said to have been well supplied with spawn. 

Mr. Perrin's report is full of useful suggestions, and it is interesting to note that 
some of the most important desiderata which he mentions in connection with hi^ trip 
were supplied in the case of shipments four and five described below, and undoubtedly 
conduced to their successful issue. Mr. Perrin was obliged to place his ice partly in- 
side and partly on top of the lobster crates, in order to keep the temperature suffi- 
ciently reduced, but in these positions more or less of the fresh water resulting from 
the melting was absorbed by the sponges, and the lobsters were not constantly sur- 
rounded by the denser salt-water, which seems to be essential to their welfare, as proved 
by subsequent experiences. Mr. Perrin also refers to the currents of warm air which 
struck the sides of the boxes, especially when the car doors were open, and made it diffi- 
cult to maintain a uniform temperature. A serious mistake noted by Mr. Perrin was the 
subdividing of the boxes into narrow compartments, which entirely restricted the 
movements of the lobsters. A still more serious error, probably, was the use of straw 
and sponges for packing. While the latter is undoubtedly preferable to the former, in 
view of Mr. Perrin's experiments, it packs too closely and prevents the circulation of 
air, which is now deemed necessary. Hud rock-weed been used upon this trip instead 
of sponges it is probable that the results would have been much more gratifying. It 
is unfortunate that we have no record of temperatures in connection with this experi- 
ment, but it probably would have been difficult to have taken reliable temperature 
observations in boxes exposed as these were. 
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THIRD TRIAL— JUNE, 1879. 

The third attempt was also made under the direction and personal supervision of Mr. 
Stone, and was more successful than either of the preceding ones. A special car was 
not provided, but the specimens were carried in the ordinary baggage cars, making it 
necessary to transfer the lobsters at the termination of each railroad. The expedition 
left Albany, New York, which had been made the point of rendezvous for the differ- 
ent kinds of fishes, at midnight of June 12, 1879, with twenty-two female lobsters car- 
rying about 400,000 eggs nearly ready to hatch. In fact, about 40,000 eggs hatched 
on the road between Boston and Albany, giving that number of embryos to be cared 
for on the way. In order to test the efficacy of the methods that were followed, before 
beginning the trip a number of lobsters were subjected, during about a fortnight pre- 
vious, to practically the same conditions which they would encounter on the journey. 
The saltwater taken along was also obtained sometime in advance, and allowed to 
stand until the microscopic organisms it contained had died and they and all the other 
impurities had settled to the bottom. The clear water was then decanted and remained 
pure daring the entire journey. 

The lobsters were carried in three large open tanks of water, and every effort was 
made to keep the water clear and cold in the manner described below. This was a rad- 
ical departure from the methods followed in 1873 and 1874, and although the shipment 
was attended with much greater proportionate success, there was this disadvantage 
that comparatively few lobsters could be carried in the same or in even a much greater 
space. Frequent changes of water were also required, necessitating the taking of a 
large reserve stock, the expedition starting with nearly a thousand gallons, some of 
which, however, was early spoiled, due to its having been stored in unclean casks. 

For reducing the temperature of the water three methods were employ ed,as follows : 
(1) Putting ice and salt in large stone jugs and hanging the jugs in the tanks ; (2) Put- 
ting the freezing mixture in a vessel surrounding another vessel containing the water 
to be cooled, this water being afterwards transferred to the tanks; (3) Filling a large 
earthen drain-tile with the freezing mixture and keeping it in a reserve tank of water 
from which the water, when sufficiently cool, could be exchanged for the warmer water 
in the lobster tanks. The second method described was found to work best in actual 
practice. Aeration was produced by dipping up the water and allowing it to fall back 
into the tank, this operation having to be kept up without intermission. 

Respecting the temperature in the lobster tanks, Mr. Stone wrote as follows : ^'It 
was easy enough to manage the temperatures of all the tanks except those containing 
the lobsters ; but these gave us a good deal of trouble, because they could only be 
cooled by exchanging the water on the lobsters with the water in the coolers, and by 
using the stone jugs containing the freezing mixture. On very warm days it was ex- 
tremely difficult to reduce the temperature in the lobster tanks as fast as the heat of 
the day raised it With great pains, however, we succeeded in preventing it from ris- 
ing high enough to do any mischief." The temperature in the lobster tanks was main- 
tained during the entire journey at between 45^ and 56^ Fahr., never rising above 49^ 
on the last three days. 

Only one lobster died during the trip. It was taken out at Omaha, and was found 
to be the same whose spawn had hatched between Boston and Albany. It was evi- 
dently not in good condition at the start. The remaining twenty-one reached the west 
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coast alive, the trip having consamed aboat six days firom Albany. ^^ The lobsters 
were carried to Oakland Wharf by the writer,'' says Mr. Stone, " where they were met 
by a steamer chartered for the purpose, which took them to the Bonito light-house, 
under the shadow of which, in a sheltered bay a few miles oatside the Golden Gate, 1 
had the pleasare of placing them with my own hands — the first lobsters ever intro- 
duced into the Pacific Ocean. They were all in splendid condition except one, and had 
with them over a million egga nearly ready to hatch." 

EXPEBIMENTS PRECEDINa THE FOUBTH SHIPMENT. 

In accordance with instructions Irom Professor Baird, Gapt. H. C. Ghester, 
then superintendent of the Wood's HoU station of the Fish Gommission, made a series 
of experiments during the spring of 1886, with the view of devising some means of 
transpoiting live lobsters long distances without the use of a large supply of sea- water. 
His experiments were directed mainly in one line, that of packing them in moist rock- 
weed, and reducing the temperature of their surroundings. It is needless to describe 
his experiences in detail, but the following method was found to give the most satis- 
factory results : 

A zinc box (tin or galvanized iron would answer as well), measuring 22 inches 
long by 18 inches wide and 13 inches deep, was inserted in a wooden box of sufficiently 
large size to allow an interspace between the two all around of about 5 inches. Each 
of these boxes was separately drained at the bottom by means of a small pipe, and the 
inner one had a central opening above large enough to afford ventilation and facilitate 
the packing. The interspace between the boxes was completely filled with powdered 
ice. The lobsters were packed in the zinc box in one layer between two layers of 
rock-weed. The temperature was maintained as nearly as possible between 42^ and 
440 Fahr. The rock-weed was moistened in the beginning, and on the third, 
sixth, and ninth days a quart of sea water was sprinkled over it. This was all the 
wetting the lobsters received, but on the eleventh day, when they were removed, they 
were apparently in as good condition as when taken from the water. A second lot 
was kept in the box nine days, with only a single wetting and without injury, seeming 
to require only moist air for respiration when the temperature is low. The eggs 
adherent to the swimmerets of the female also remained that length of time in good 
condition. 

It was Captain Chester's idea that in making a distant shipment a number of 
these cases should be used. The facilities for shipping offered by the special cars of 
the Fish Commission, however, rendered it unnecessary to make use of these somewhat 
complicated appliances, as explained farther on. One of the most interesting results 
of his experiments was the information that rock-weed could be kept fresh, by slight 
wetting, a long period of time, remaining as sweet and elastic as when first cut from 
the rocks. 

FOURTH TRIAL— JUNE, 1888. 

Fish Commission car No. 3, in charge of Mr. J. F. Ellis, with the Commissioner, 
Col. Marshall McDonald, and the writer on board, reached Wood's Holl, Massachusetts, 
on the afternoon of June 14, 1888, for the purpose of beginning the fourth shipment of 
lobsters to the California coast. The superintendent of the Fish Commission station 
at that place had previously been advised of the proposed shipment and was instructed 
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to have everything in readiness. Upon our arrival we found that abont nine hun- 
dred medium-sized lobsters of both sexes were being cared for in floating cars, while 
a large quantity of the common rock- weed (Fueu8) had been collected from the neigh- 
boring shores. The next day being Saturday it was decided to begin the packing 
and loading early in the morning, in order to start the car westward before Sunday. 

In car No. 3 the compartments for carrying live fish consist of two large tanks or 
refrigerators under the floor of the car and extending its entire length between the 
trucks. Access to these tanks is had through large openings in the floor, separated 
only by the width of the floor timbers, and furnished with trap-doors, closing them 
completely. 

The method of shipping the lobsters, as determined by the Oommissioner, was to 
pack them in shallow trays or crates which could easily be handled, and in which the lob- 
sters cbuld be examined in small lots at a time during the progress of the journey. The 
dimensions of the trays were regulated in part by the size of the openings to the tanks, 
through which they would have to be passed for storage. They were made of rough 
boards, and measured on the outside 22 inches long by 17 inches wide and 6 inches 
deep. The bottoms consisted of five or six narrow slats, separated by comparatively 
wide interspaces to permit of circulation and free drainage. No covers were provided. 
A tray of these dimensions would hold six lobsters of the average size without undue 
crowding, and it was estimated that one hundred of the trays could be conveniently 
accommodated in the car. 

The packing was done at the Fish Commission wharf, whence the trays were carried 
by water in two lots to the railroad station, about a quarter of a mile distant, and im- 
mediately placed in the large car tanks. The lobsters were transferred from the floating 
cars to the trays with as short an exposure as possible to the open air, and none but 
active and apparently hardy individuals were selected. First a layer of the moist rock- 
weed of sufficient thickness to form a soft and yielding cushion was spread over the 
bottom of the tray, and upon this six lobsters were laid in two rows facing the ends of the 
trays, their backs being upward, and no precautious being taken to fasten the claws or 
restrain their movements. They very rarely attack one another, and to plug the claws, 
.as was done on all or nearly all of the former shipments, causes serious injuries, from 
which they may not recover. Over the lobsters a second, loose layer of rock- weed 
was placed, but care was taken that it should not be thick enough to reach above the 
level of the top, in order that it might not pack solidlj' when the trays were piled one 
upon the other. No attempt was made to separate the males from the females, but an 
accurate record of the sexes was kept during the packing. The lobsters were not fed 
during the journey, and it is doubtful if they would have eaten much under the peculiar 
conditions of their imprisonment. The introduction of food would, moreover, have 
resulted in the accumulation of decayed matter among the rock- weed, doing more harm 
than good. 

The total number of lobsters packed in the one hundred trays was 610, of which 
250 were males and 360 females, eight of the latter having spawn attached to the swim- 
merets. In size they ranged mainly from 8 to 12 inches in length, a few only being 
slightly over 12 inches long. Abont one-half were under 10 inches long, and one-half 
over 10 inches. Four lobsters were also placed in a large tin pail with a small amount 
of rock-weed, and carried in the ice box. 

In addition to the lobsters, about 150,000 loose eggs cut from the swimmerets were 
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arranged ou twelve small clotb-bottom trays, wbicb were tied togetber in one package 
and Stored in the ice-box close by the ice, being sprinkled twice daily with salt-water 
daring the trip. The eight egg lobsters mentioned above died before reaching San 
Francisco, and their eggs were taken from them and added to those on the trays, making 
about 196,000 loose eggs that were carried across. 

On the evening of Jane 15, the day on which the car reached Wood's Holl, a qaan- 
tity of ice was placed in the carrying tanks to redace its temperatare. The first of the 
trays were packed in the tanks about noon on the 16th, but by that time the tempera- 
tare was not as low as was desired. The second and final lot of trays was placed in 
the tanks about the middle of the afternoon of the same day. Fifty trays were arranged 
on each side of the car in piles of two and three, open spaces being left at the ends 
and in the middle of the tanks for the storage of ice. These spaces were completely 
filled with ice, and several thermometers were inserted at different places to record 
the temperature. The covers to the tanks were then lowered, and were only opened 
thereafter for the purposes of inspection or for wetting the lobsters. The tanks, how- 
ever, received some ventilation from the ends, especially when the car was in motion. 

The following necessary supplies were taken along: About 200 gallons of sea- 
water that had been filtered through raw cotton to remove all impurities. It was 
contained in twelve acid carboys and two large milk-cans, and remained pure to the 
end of the journey. A large quantity of coarse salt for making a freezing mixture 
with the ice, and also for preparing a brine to be used upon the lobsters in case the 
supply of sea- water became exhausted. The refrigerator was filled with ice before 
starting, and this necessary commodity had to be replenished at frequent intervals 
during the journey. 

Mr. John Jansen, of the Fish Commission station at Wood's JIoU, whose long 
experience in the handling of lobsters made his services invaluable in that particalar, 
was detailed to accompany the car to Sau Francisco. The writer also made the journey 
as far as Chicago. The shipment was in charge of Mr. J. F. Ellis, assisted by Mr. R. 
S. Johnson and Mr. J. D. Trenholm, and to their unremitting labors is due the success 
of the undertaking. 

All the arrangements having been completed in time, the car left Wood's Holl with 
the 4.10 p. m. train for Boston, where it arrived about 7.30 p. m. At Boston the car 
was attached to the Chicago express leaving at 9 p. m., and proceeding via the Boston 
and Albany, New York Central, Lake Shore and Michigan Southern Railroads. At the 
time of departure everything seemed auspicious, although the weather was rather 
warm. The lobsters had been thoroughly sprinkled with water just before leaving 
Wood's Holl. There appeared to be an abundance of ice in the tanks, but no salt was 
mixed with it, as it was thought that the temperature could be kept sufficiently low 
without its use. This proved to be not the case, however. The bottom of the carry- 
ing tanks being only a few inches above the bed of the railroad, which had been greatly 
heated during the day, was too much influenced by tlie temperature outside, especially 
as some of the superheated air entered through the ends of the tanks in the manner 
already explained. 

The first inspection of the lobsters was made immediately after breakfiist on the 
morning of June 17, between Syracuse and Rochester, New York. It occupied about 
two hours, a much longer time than had been anticipated, and the fact was soon 
recognized that the overhauling had been left until too late in the day, on account of 
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the extreme heat the thermometer already recording over S(P Fahr. in the shady parts 
of the car. Sabsequentiy all examinations were began at day- break, and the tanks 
were never opened later in the day excepting to add water, ice, or salt. 

About half a dozen trays were lifted out at a time, that being the number stored 
in each compartment, the rock-weed was partly removed, and each lobster was exam- 
ined to ascertain its condition. The dead lobsters were removed, the rock- weed was 
replaced, and the trays were sprinkled with water and returned to the tanks as 
rapidly as possible. The water used for moistening the trays on this and all subse- 
quent occasions was first kept in the ice-chest for several hours in order to reduce its 
temperature to near the freezing-point of fresh water. It was exceedingly interesting 
to note its revivifying effect upon the lobsters, which seemed to recognize instinctively 
their native element even though it was doled out to them in such small quantities. 
Some of the lobsters which appeared to be lifeless on a first examination were entirely 
restored by plunging them into the nearly ice-cold sea- water and allowing them to re- 
main there several minutes. The wetting of the trays was done by means of an ordinary 
garden sprinkler, and although the precise quantity of water used on each tray was not 
measured, the supply was so apportioned that there was no danger of its becoming 
exhausted before the end of the journey. In order also that the water might reach as 
far as possible, the trays were generally returned to the tanks before wetting, so that 
the drippings from the upper ones might serve to moisten the lower ones. The two 
wettings a day were sufficient to maintain the rock-weed constantly moist, and it 
remained sweet and fresh during the entire trip. 

At the first inspection, the mortality was found to be forty-five lobsters, of which 
twenty-two were males and twenty -three females ; twenty-four were under 10 inches 
long and twenty-one over 10 inches, — showing that the mortality was about equally 
distributed with respect to sex and size. This high death-rate— between 7 and 8 per 
cent, of the entire number — was undoubtedly due directly to the high temperature of 
the tanks during the night. No salt had been used upon the ice, it being supposed 
that the large quantity of ice employed was sufficient to bring the temperature down 
to about 45<>, when, in fact, it never fell below 50^, and was sometimes as high as 6(P. 
Judging from subsequent inspections, however, it is certain that the heat alone can 
not be held accountable for the heavy losses which occurred from day to day. The 
condition of the lobsters, moreover, furnishes sufficient proof of this. All the dead 
lobsters taken out on the first two days were carefully examined, and there is no 
doubt that a large percentage of them were far advanced toward shedding, the new 
shell in some being fully formed and of the dark color which it assumes just before 
the old shell breaks away. Of the twenty- three females which died the first night 
fourteen also showed traces of recently hatched eggs, and it is now generally consid- 
ered by naturalists that the Crustacea molt soon after losing their spawn. Lobsters 
about to shed are always regarded by the fishermen as in poor condition for the 
market, as they will not stand handling. The great mortality on the present trip was 
therefore probably due primarily to the weak condition of the lobsters, although at 
the time of packing they were certainly very hardy in appearance. It would, more- 
over, be impossible to obtain a better supply at this season of the year, and future 
shipment should preferably be made in the spring or fall. Some deaths also occurred 
among the lobsters which were in contact with the ice or close to it, due probably to the 
Bull. U. S. F. O., 88 30 
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intense cold, altboagh the fresh water formed by the melting of the ice may have had 
something to do with it. However, the less hardy individuals were weeded oat daring 
the journey, and those which survived at San Francisco were in excellent condition 
for planting. 

It was found to be injudicious to attempt the taking of frequent temperature ob- 
servations in the tanks, for every time the tanks were opened the temperatare was 
sensibly increased. Before closing them on the morning of June 17 large quantities 
of salt were thrown .among the powdered ice. At Buffalo, which was reached aboat 
noon on the same day, the temperature was 48^ in the bottom of the tanks and 65^ 
at the top. More ice and salt were added at Buffalo and Cleveland, and the ice was 
broken into much finer pieces than before. At 8 p. m. the trays were again thoroughly 
sprinkled with water at 32^, and three dead lobsters were removed from the upper 
tiers. 

On the morning of June 18 the second inspection was made between 4 and 6 a. 

m., and the mortality was found to have been greater than on the first day. The total 

number of dead lobsters was fifty- four, as follows : Under 10 inches long, thirty-four ; 

10 inches long and over, twenty ; males, twenty-four ; females, thirty. The condition 

of this lot with respect to shedding was the same as the previous one. The tempera- 

{ ture in the bottom of the tanks had, however, been lowered to 44^, and the live lob- 

I sters remaining seemed to be in much better shape than on the day before. They 

i were more active, and, after receiving a thorough wetting, appeared not to have suf- 

I fered from the journey. 

At Chicago a much larger supply of ice than usual was procured, and every lar^e 
interspace between the trays was closely packed with small pieces mixed with salt. 
Several pieces of galvanized sheet-iron were also obtained, and being laid upon the 
upper trays were covered with ice and salt. The four lobsters carried in the ice-chest 
were still alive, although they had received only one bath of sea- water since leaving 
Wood's Holl, and the loose eggs on the cloth trays had apparently suffered no injury 
up to this time. The writer left the car at Chicago and returned to Washington. 

From Chicago the car proceeded to Omaha and thence by the fast express on the 
Union Pacific Railroad to Oakland, California, where it arrived June 23. On the 
morning of June 19 only forty dead lobsters were found, and the thermometers placed 
in the upper trays registered 42°. From this time forward no diflBculty was expe- 
rienced in maintaining the temperature of the tanks at between 40° and 42°, the sheet- 
iron covers furnishing the means of reducing the temperature around the upper 
trays. 

Near Rawlins, Wyoming, June 20, forty-six dead lobsters were removed, the ther- 
mometers registering 40^. When the tanks were opened, near Elko, Nevada, June 21, 
thirty-nine dead lobsters were found, the temperature being 42^. The ear reached 
Sacramento in the evening of June 22, and was met there by Mr. J. D. Redding and 
Dr. H. M. Harkness, of San Francisco, both of whom were much interested in the 
success of the experiment. 

The disposition of the lobsters was left to the discretion of Prof. Leslie A. Lee, 
naturalist, and Lieut. Commander Z. L. Tanner, U. S. Navy, commander of the Fish 
Commission steamer Albatross, then at San Francisco, who were to act in eonjunction 
with Mr. Redding in tlie matter. By direction of Cai)tain Tanner, observations wore 
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made at several places in San Franoisco Bay, to determine the salinity of the water. 
The results redaced to 60^ Fahr., according to the Habbard table, were as follows : 



Locality. 



One^fonrth mile west of Yerba Beona Island 

One-foarth mile west soathweat of Saaoilito Wharf. 

One-eighth mile off Yellow BinfT 

One-foarth mile aoath by west of Aloatras Island . . 



Density at 
surface. 



l.OlOSgT 
L 010887 
1.018687 
1.010887 



Density at 
bottom. 



1.021487 
1.021487 
1.021687 
1.021487 



The average specific gravity of the water of the ocean being abont 1.0274, it was 
decided, leaving the imparities of these localities ont of consideration, that the low 
salinity of the water alone wonld not warrant the planting of the lobsters in the bay, 
and that some other place mast be selected. The neighborhood of Monterey appeared 
to offer good advantages for the parpose, and the car, after going to Oakland, was, 
therefore, dispatched to that place, where it arrived on the evening of June 23, jnst 
seven days after leaving Wood's Holl. After leaving Elko, Nevada, fifty-five lobsters 
had died, making a total loss of two hundred and eighty-two lobsters daring the trip. 
The number remaining on hand was three hundred and thirty-two, and all seemed to 
be in good condition. Of the 196,000 loose eggs carried on the trays, it was estimated 
that about 75 per cent^ were also in fair shape, only those on the two or three upper 
trays having died. 

It had been intended to place all the lobsters in floating cars for a few days' time 
before consigning them to the ocean, in order to make sure of their condition, but as 
these commodities of the Eastern fishermen were unknown in the vicinity of Monterey, 
none had been provided, and it was considered prudent to plant a part of the ship- 
ment without delay. On the evening of arrival, therefore, one hundred and sixty -two 
lobsters were taken out in a fisherman's boat and dropped into the sea, about three- 
fourths of a mile off shore, between Pacific Orove and Chinatown, in a depth of 12 
fathoms, rocky bottom. Observations made at the same time showed the temperature 
of the water to be 64^, and its density about 1.025. The remaining lobsters, one hun- 
dred and seventy in number, were placed the same evening in several boxes that were 
floated in the bay. The next day Mr. Ellis had a car constructed, measuring 12 
feet long, b^ 6 feet wide, and 3 feet deep, and to this the lobsters were then trans- 
ferred. A second plant of ninety-five lobsters was made July 1, 1 mile off Point 
Lobos, to the south of Carmel Bay, in a depth of 30 fathoms, rocky bottom. Only 
two had died since they were taken from the railroad car, the remainder being active 
and feeding well. Seventy-three lobsters were, therefore, left in the car, and of these 
it had been arranged to send fifty of the best and most hardy by the steamer Albatross 
to the northern part of the California coast. An attempt was made to remove these 
from the car July 4, while it was still floating, but the lobsters were so active as to 
elude all efforts with the dip-net. The car was then hauled part way out on the beach, 
but a heavy swell carried away one of the bottom boards, and through the opening 
thus formed the lobsters began to beat a hasty and unceremonious retreat. Only thirty 
were captured, the balance making for the deeper water and getting safely away to 
sea. Their actions forcibly demon8trate<l the fact that they were in the very best con- 
dition for planting, and their escape at this place can not be regarded as a mishap, 
although it was somewhat tantalizing to have them assume the initiative. 
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The Albatross left San Francisco July 4, with the thirty lobsters, of which thirteen 
were males and seventeen females. They were planted the next day in 13 fath- 
oms of water, IJ miles S. J W. (magnetic) from Trinidad light-house, California, 
(about 41^ north latitude). They were all active but one. The place was selected on 
the recommendation of Prof. George Davidson, who considered that the conditions 
of the natural home of the lobster were more nearly realized here than elsewhere 
on the California Coast. The shore is bold and rocky, the bottom consisting of alter- 
nating kelp-covered ledges and sandy patches, and the water being very pure. 

The loose eggs were transferred to hatching boxes June 24 ; they began hatching 
slowly June 28, and more rapidly July 2. Operations ceased July 7, up to which 
time 104,000 embryos had been obtained. They were planted in seven lots, as ex- 
plained below, off Monterey, in Monterey Bay, and in San Francisco Bay, only 2,000 
going to the last mentioned locality. 



SUMMARY OF RESULTS. 

Of the six hundred and fourteen lobsters with which the car left Wood's HoU, Jane 
16, three hundred and thirty-two were carried through safely, two hundred and eighty- 
two dying on the way. After arriving at Monterey the casualties amounted to only 
two or three. 

One hundred and sixty-two lobsters were planted June 23, directly off Pacific 
Grove, Monterey. 

Ninety-flve lobsters were planted July 1, off Point Lobos, to the south of Carmel 
Bay. 

Forty-five lobsters escaped from the floating car, July 4, in Monterey Bay. 

Thirty lobsters were planted by the steamer Albatross, July 5, off Trinidad light- 
house on the northern part of the California coast. 

One hundred and ninety -six thousand loose eggs were carried across, affording 
104,000 embryos, which were planted between July 1 and 7, as explained in the fol- 
lowing table : 

Deposits of lobster embryos. 



Body of water. 



Point of deposit. 



Monterey Bay i Off Montert»y, California 

Pacific Ocean ' df) 

Do : do 

San Francisco Bay Off San Francisco, ('alifornia 

Pacific Ocean Off Monterey, ('alifornia 

Do do 

Monterey Bay i do 



No. 
planted. 


1,000 


18,000 


20, 000 


2,000 


25, 000 


30, 000 


8,000 


104, 000 

1 



Condition. 

Good 

, . do 

...do 

-do 

.. .do 

. . .do 

. . -do 



Date of 
deposit. 



July 1. 
July 2. 
July 3. 
July 4. 
July 5. 
July 6. 
Julv 7. 



This first successful large shipment of lobsters across the continent elicited many 
favorable coinnieiits from the press, especially in California. The desirability of mak- 
ing the attempt to establish this useful food species on the Pacific coast was acknowl- 
edged by all, and only a few ventured to criticise, in advance, the methods to be pur- 
sued in carinfi; for the lobsters. It is now considered, however, that the manner of 
packing followed in the present case can scarcely be improved upon. The proper 
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regalation of the temperature still presents a difficalt problem for experimentatioD, 
aud, as shown farther on, too low a temperatare is as mach to be dreaded as too high 
a one. A solution may be fonud, however, by making the shipments in the spring or 
aatumn. 

THE RETURN TRIP. 

Arrangements were made through Prof. Leslie A. Lee, of the steamer Albatross^ 
to transport a quantity of the large edible California crab (Cancer magister) and also 
of one or mure species of California clams to the Atlantic coast, the former species 
especially being regarded as a desirable one for introduction in New England waters. 
Much difficulty was experienced in procuring the crabs, as it was not then the season 
in which they are generally brought to market. A lot of three hundred was finally 
obtained, however, from one of the fishermen, but the specimens were not in good 
condition, having been kept too long before they were delivered at the car. They 
were packed in the crates from which the lobsters had been taken, the rock-weed for 
the packing and the sea- water for the journey having been collected at a point outside 
of San Francisco Bay. The car left San Francisco for the East July 14, via the Cen- 
tral Pacific Railroad, with a full load, as follows: Three hundred crabs, 15 bushels of 
clams, six California terrapin, fourteen Galapagos tortoises, and several cases of speci- 
mens obtained on a recent cruise of the steamer Albatross. July 15, Mr. Ellis tele- 
graphed from Truckee California, that all the crabs except forty had died. Such a 
result was not unexpected, in view of their condition when received; but with this 
report the experiment ended, for on the next morning, at about 5 oclock, the train to 
which the Fish Commission car was attached was badly wrecked, some 5 miles east of 
Humboldt, Nevada, car No. 3 being thrown upon if.s side and dragged some distance. 
The contents of the car were scattered over the ground, and the car itself was in no 
condition to continue the journey. Mr. Jansen was severely" injured, but the other oc- 
cupants escai>ed with only bruises and a thorough shaking up. The Galapagos tor- 
toises and the Albatross collections suffered comparatively little damage, and were 
subsequently brought to Washington on the same car. 

THE FIFTH TRIAL— JANUARY, 1889. 

The fifth and last trial so far attempted was made during January, 1889, with the 
same methods followed the previous summer. The destination of the shipment was 
the coasts of Oregon and Washington, by way of the Northern Pacific Railroad. 
Car No. 3 was again selected for the work, being in charge, as before, of Mr. J. P. 
Ellis, assisted by Mr. R. S. Johnson and Mr. Trenholm. The shipment consisted of 
seven hundred and ten lobsters, as follows: Males, two hundred and seventy-nine ; 
females, with eggs, sixty-three; females without eggs, three hundred and sixty-eight. 
The crates were made in the same manner and of the same size as on the previous trip, 
an additional number being required, however, to accommodate the extra quantity of 
lobsters taken. The car tanks were filled to the very tops, and it is probable that they 
were over-crowded, preventing a sufficient circulation of air. One hundred and seventy 
gallons of sea- water were provided in ten carboys, and this quantity met all demands. 

The packing was done at Wood's Holl, Massachusetts, Jannary 14, and the car 
left at 4 p. m. the same afternoon, the th<^rmometer registering 38^ at the bottom of 
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the tanks and 48^ at the top. Leaving Boston at 9 p. m., the weather grew cold dar- 
ing the night, the thermometer falling to abont 20^, the temperatare in the tanks 
reaching 36^ at the bottom and 42^ at the top. Albany was reached at 4 a. m., Jana- 
ary 15, and at 8 a. m. the lobsters were overhanled ; this operation requiring three 
hoars. Only two females and one male had died daring the night. The temperatare 
in the tanks daring this day ranged from 37^ to 40^ at the bottom, and from 41^ to 
480 at the top. 

The car left Chicago at 6.50 a. m. on the 16th, the examination of the lobsters 
taking place about two hours later. Eleven were found dead, seven being males and 
four females. The temperature in the tanks during the day varied from 37o to 47^ at 
the bottom, and from 44^ to 51^ at the top. Up to this time the prospects were exceed- 
ingly encouraging, and it looked as though the trip would be made with only a very slight 
percentage of loss; but disappointment was ahead and it came in a manner entirely 
unexpected and unprovided for. The previous summer it had been necessary to fight 
the extreme heat, and it seemed as though the tanks could not be made too cold. On 
the present occasion, however, the conditions were precisely the reverse, and a very 
heavy mortality occurred through the low temperatures which prevailed during the 
middle part of the journey. In giving the temperatures observed from day to day in 
the tanks, it should be remembered that they are the readings of the thermometers 
in only a few positions, the temperature probably varying considerably in different 
parts of the tanks at the same time. 

During the night of the 16th the weather grew colder, and some of the trays were 
taken from the tanks and placed on the floor of the car to warm them up. At 9.30 on 
the morning of the 17th the temperature of the air outside the car had fallen to 10<^ 
below zero, and at that time the trays were overhauled, with the result of finding 
fifty five dead lobsters, thirty-seven being males and eighteen females. The trap-doors 
to the tanks were now left open for the purpose of raising the temperature about the 
trays, but with no appreciable eflfect. The car reached St. Paul, Minnesota, at 2 p. na. 
and left at 4 p. m. At 11.15 the same evening steam was turned into the pipes run- 
ning through the bottom of the tanks, but the hot air instead of becoming diffused, 
rose to the top alon^ certain parts of the tanks, superheating some portions and leav- 
ing otiiers uninfluenced. A small amount of ice formed during the night on the sides 
of the tanks toward the wind. During the 17th the thermometer registered from 32° 
to 370 at the bottom and from 34^ to 37^ at the top of the tanks. 

At 3 a. m., January 18, the temperature outside the car had fallen to 25^ below 
zero. Steam was kept up all night and part of the day, the temperature ranging from 
320 to 3CP at the bottom of the tanks and from 41)^ to 52^ at the top, this difference 
between the temperature at the top and bottom resulting from the steam heat. At 8 
o'clock in the morning eighty-one dead lobsters were removed, forty-one being males 
and forty females. 

January 19 the outside temperature had risen to 2^ below zero, and no steam was 
used during the day. At 9 o'clock in the morning ninetysev^en lobsters, fifty-three 
females and forty-four males, were found dead, and many of those still living were 
observed to be in ])oor condition. The teni])erature at the bottom of the tanks 
ranged from 34^ to 3So, and at the top from 48^ to r}2^. 

January 20 there was an abundance of snow and the weather was still cold. At 
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10 a. m., when the trays were overhaaled, one handred and thirteen dead lobsters 
were discovered, fifty-nine of this number being females and fifty-four males. The 
car arrived at Spokane Falls at 10.10 a. m., and remained there until 7.10 p. m. 
About twelve hours were also lost beyond Spokane Falls on account of damage to 
the railroad track. The temperature during the day ranged from 35^ to 38^ at the 
bottom, and from 44^ to 47^ at the top of the tanks. 

January 21 the car arrived at Walla Walla Junction at 10 a. m., the weather being 
warmer than on the previous day. The number of dead lobsters removed was 
seventy -six, sixty one being females and fifteen males. The live lobsters were here 
re-assorted in the trays, on an average two males and four females being placed in each, 
to facilitate the handling at the end of the journey. East Portland was reached at 7 
p. m. Mr. B. A. Bensell was to meet the car at this place and take charge of a part of 
the shipment intended for Yaquina Bay, Oregon, but as he did not appear, and delay 
might be fatal to the balance of the stock, the car was taken on to Portland, where Mr. 
Johnson was left with twenty-two trays, containing one hundred and ten lobsters, as 
follows: thirty-two males, twenty-five females with eggs, and fifty-three females 
without eggs. These were planted, in part, off Cape Disappointment, at the mouth of 
the Columbia River, and, in part, about 7 miles farther north in Shoalwater Bay. 

The car arriving at Tacoma the same day, Mr. Trenbolm, together with Judge 
James O. Swan, who ha<l made arrangements for the northern planting, left at 7 a. m. 
on the morning of the 22d with the balance of the lot for Port Townsend by steamer. 
From the latter place the following deposits were made the same afternoon, namely : 
In Scow Bay. opposite Port Townsend, twenty-four lobsters ; off Point Hudson, at 
the entrance of Port Townsend Bay, twenty-five lobsters; off Wilson's Point, three- 
fourths of a mile from the light-house, near Port Townsend, seventy-four lobsters, a 
total of one hundred and twenty-three lobsters. The temperature of the water was 
450 Fahr. According to Judge Swan, the summer temperatures in this region range 
from 50O to 56^ Fahr. The places selected for making the plants were rocky and 
gravelly bottoms, covered with kelp and rock-weed, and with an abundance of animal 
life. 

Nine females with eggs had died on the way over. Their eggs were saved and were 
deposited in Puget Sound, there being no facilities for batching them, and the season 
also being unfavorable for their development. 

r/:8UM^. of thk trip. 

Car No. 3 left Wood's HoU, Massachusetts, January 14, 1889, with seven hundred 
and ten lobsters, destined for the coasts of Washington and Oregon. The trip was 
made via the Northern Pacific Railroad in seven days, the plants being made on the 
eighth day after leaving Wood's Holl, namely, January 22. On account of the failure 
of Mr. Bensell to meet the car at Portland it was impossible to make the proposed 
planting on the central part of the Oregon coast, but a small number were left at the 
mouth of the Columbia River, on the north side. The condition of all the lobsters 
planted was reported good. The results of the shipment are summarized in the fol- 
lowing table : 



472 



BULLETIN OF THE UNITED STATES FISH COMMISSION. 



Be9ulU ufikejifftk $k^^mmi ofM$ier$ to ike Paeifle 004UU 



Lobsters taken on board ftt Wood's Holl 

Lobsters lost during the trip ,. 

Lobsters esrried safely through and planted on the ooast of 

Washington 

Plant made— 

Off Cape Disappointment 

In Shoalwater Bay 

InSoowBay, Pnget Sound. 

Off Hudson's Point, Pnget Sound 

Off Wilson's Point, Pnget Sound 



Total Ka of 
lobsters. 



710 
477 



U 
26 

74 



No. of 



979 
207 

72 



7 

8 
24 



No. of 
FeuMkles. 



481 
870 

161 

68 
16 
16 
17 
60 



Females 
with spawn. 



63 


64 



Feasalea 
without 



961 
lt7 



BeeapitulatUm of ihefiee 9kipmmU, 



Number and date of shipments. 



First, June, 1878 — 
Seeond, June, 1874. .. 
Third, June, 1879 . . .*. 
Fourth, June, 1888* . 
Filih, January, 1889 . 

Total 



Naof 

Lobsters 

tiiken. 



162 
160 
22 
614 
710 



1,658 



Naof 

Lobsters 

lost during 

Journey. 



162 

146 

1 



471 



1.068 



Naof 
Lobsters 
planted. 



4 
21 



690 



Place of deposit. 



Califoniia. 

Da 

Da 
Washington. 



* Alio, 102,000 embryos planted off Monterey, and 2,000 in San Francisoo Bay. 



Bull. U. S. F. C. 1888.— <To face page 472.) Rathbun. Transplanting of Lobsters. 
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119* 



l£d* 



IZV 
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Lake Geneva, in Walworth County, Wisconsin, is a clear and beaatifal sheet of 
water about 7 miles long by 1^ in greatest width, with an extreme depth, according 
to my soundings, of 132 feet. It is a glacial lake, lying in a trough-like valley of 
the drift, the southern side of which formed part of the terminal moraine of the 
great Lake Michigan glacier. The valley is continued westward with a very gradual 
rise beyond the head of the lake, where a small stream empties its clear, cool water. 
By way of the outlet at its eastern end, its waters pass through Fox River into the 
Illinois. Its banks are high and rolling, but nowhere bluffy, and there is no rock 
anywhere in sight The slopes of the bottom are mostly gradual, but off the ''points^ 
they may reach, for the first 500 or 600 feet, a descent of 1 foot in 5; while in the 
bays this is only about 1 in 50.* 

The vegetation of this lake is chiefly confined to a narrow belt along the shore, 
except in Williams' Bay on the north side and in the shallow water near the outlet. 
In the deepest parts the bottom is perfectly destitute of living plants higher than 
diatoms, and there is also a remarkable scarcity and small variety of animal life in 
this situation. 

In the shallow water, from the shore to a depth of 5 fathoms, the most abundant 
plants observed in 1881 were as follows : Myriophyllum heterophyllum, M. scabratumj 
Ceratophyllum demersumj Potamogeton compressunij P. lucens, P. pauciflorum^ Anaoharis 
cartddensis, and Chara contrariaA 

Swimming and creeping among the somewhat scanty growth of these aquatic 
plants, was a small variety of animals, the most abundant of which were the smallest 
of our common amphipod crustaceans ( Allorchestes dentata Smith) andthelarvsB of an 
abundant genus of gnats — Chironomus. A partial examination of the material col- 
lected by a dozen hauls of the dredge in this shallow water gave me the following 
imperfect list : 

SHALLOW WATER COLLECTIONS, 1881. 

INSECTA. 

1. Paraponyx sp.T An interesting aqnatio caterpillar, richly provided with tnfted tracheal gills on all 

surfaces of the body, probably belongs to this genns of pyralid Lepidoptera. Two examples 
were taken among weeds growing on a gravelly bottom, in water 6 feet deep. 

2. Stenelmis erenatus Say. Several adult specimens of this beetle were taken in a haul along shore, 

doubtless from the aquatic weeds. 

3. Dytiscidw. A single larva. 

4. Chironomus sp. Very many specimens of small white larvae belonging to undetermined species of 

these very abundant gnats. 

5. Phryyaneidw. Various case worms, mostly LeptoceriduB, with sand tubes, either straight and slender 

or short and curved. Tubes sometimes made of a webbed membrane covered with a thick layer 
of small spherical colonies of Rivularia or other similar Algie. A remarkable larva of Lage- 
nopsyche freciiiently occurred, the case transparent and commonly covered with diatoms. A 
single spec! men of Sericostomidie. 
G. Agrionina and Libellulina. Nymphs of dragon flies. 

7. Ephemeridw. Most commonly nymphs of CceniSj of an undetermined species. 

CRUSTACEA. 

8. Camharus virilis Hatjen. Cray-fishes were not at all abundant in this lake, but a few young speci- 

mens of this species were taken in the dredge. 



* See profiles, page 476. 

t Determined for me by Prof. T. J. Burrill, of the University of Illinois. 
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9. GammaruB faaciatuB Say. Oooasional examples ooonrred. 

10. AUorchestea dentata (Smith) Faxon. This was by far the commonest orastaoean, and swarmed 

among the weeds. 

11. Candona elongatal Herrick. This shelled entomostracan occurred bat once in the dredge. 

MOLLU8CA. 

The common mollasks from my dr^gings were Unio luteolua and Anodonta footi- 
a/na (neither abaudant}, Planorbis campanulata and other species of that genus, Pisi- 
dium (Miamsi Pr.,* P. oompressum^i Sphasrium aolidvlum^^ a tew Physas and Limueas 
(the former the commoner), an occasional Melantho, a great namber of Amnicola cin- 
cinnatiemis, and many examples of Valvata tricdrinaia and V. sincera. 

The worms of these inshore collections were limited to a few leeches and plana- 
rians, occasional specimens of Stylaria lacustris Linn., and an undetermined species 
of Pristina. 

Besides the foregoing, I obtained here only a small number of water-spiders 
(HjdrachnidaB), a few examples of our most abundant darter {Boleosoma nigrum)^ and 
a common snnfish {Lepomis). 

DEEP WATER COLLECTIONS, 1881.t 

In the deeper water the collections were not especially different where the bottom 
was covered with vegetation. A haul of the beam-trawl made on a mud bottom in 
the eastern end of the lake at a depth of 12 fathoms, among Ceratophyllum and Ana- 
charisj gave a nearly full assortment of the smaller mollusks of the lake ( Valvata tri- 
carinatOj V. sincera, Amnicola cincinnatiensisj PlanorbiSy Physa^ Sphasrium solidulum^ 
Pisidium adamsi, and P. compressum)^ Physa^ Sphcerium^ and Valvata sincera being the 
most abundant. 

Numbers of Chironamus larvse, a dytiscid larva, and a caseworm were the only 
insects, and Allorchestes and Candona the crustaceans of the haul. Among the 
Vermes was a long and slender species (Limnodrilus) with four rows of notched or 
forked setaB arranged in short, transverse, comb-like ranks, each of four to six. 

A short haul of the dredge at a depth of 15 fathoms in Williams' Bay, on a bot- 
tom of sandy mud covered with dead leaves, yielded a single Physa^ a small PUmar- 
bisj a multitude of Pisidium adamsi^ many Valvata striatella^ many larvae of Ohirono- 
mus and pupae and pupa cases of Corethra^ a few Candona elongata, a multitude of 
dead branches of a polyzoan (apparently Fredricella), many Ldmnodriltis, and a few 
examples of Stylaria lacustris. The more highly organized crustaceans and insect 
larvae were here altogether wanting, the principal animals being the smaller mollusks, 
Pisidium and Valvata, the worm like larvae of gnats, and the slender, reddish worm, 
Limnodrilus, living in the slime. 

A single haul on a mud bottom near the eastern end of the lake, at 19 to 20 
fathoms, gave only large red Chironamus larvae in considerable numbers, several 



• Determined by Mr. H. A. Pilsbry, of the Philadelphia Academy of Sciences. 
t Named by comparison with specimens determined by Mr. G. W. Tryon. 

t For the opportunity to dredge this lake to advantage I was greatly indebted to Mr. N. K. Fair- 
bank, of Chicago, who placed at my disposal for this purpose his steam-yacht and its crew. 



476 BULLETIN OP THE UNITED STATES PISH COMMISSION. 

examples of Pisidium adamsi a single Oammartis fasciatus (doubtless taken in lift- 
ing the dredge), and one dead shell of Planorbis campanulattis. 

Finally, two hauls of the trawl and two of the dredge in the middle of the lake, at a 
depth of 23 fathoms, yielded quantities of the softest black mud with some admixture 
of dead leaves, an abundance of large red Ohironomus larvsB, Pisidium adamsij and 
the undetermined worm {Idmnodrilm) already mentioned. The only other specimens 
secured by this deep-water work (which aggregated over a mile of continuous hauling) 
were two specimens of Sphcerium^ one of Valvata tricarinata^ one of V. sincera^ a dead 
Physa^ a few pupsB of Oorethraj and three leeches. No living vegetation was found 
here except diatoms. 

With the surface net, in open water, I secured at this time only a moderate num- 
ber of a Baphnia closely resembling D. retrocurva Forbes (and possibly a variety of 
that species), a few examples of Epischura lacmtris Forbes, a Diaptomus (apparently 
a variety of aidlis), another large copepod, Limnocalanus macrurus^ and the remark* 
able cladoceran form, Leptodora hyalina. 

The material of 1887 was obtained mostly with a towing net, in eighteen collec- 
tions, made at various points along the margin in shallow water and also in the deep- 
est parts of the lake. The following lists, although not exhaustive, are sufficiently 
complete to show the dominant and associate species, and the conditions governing 
their relative abundance. 

DEEP-WATER COLLECTIONS, 1887. 

Upper end of lake, Aagust 6, deep water, clear weather, sunrise, wind. A surface haal and a 
small collection, with much small vegetable drift. 

1. Larva3 of Chironomus. 

2. Young neuropterous larvae. 

3. A large hydrachnid, undetermined. 

4. Allorchestes dentata Faxon. A few females beariug eggs. 

5. Daphnia retrocurvUj var. An occasional specimen. 

6. DaphneUa brachyura. 

7. Sida crifHiaUina. 

8. Cyclops^ sp. 

9. Epischura lacustria Several specimens 

August 5, deep water, at surface, sunset, calm. A small collection, obtained by dragging the 
towing net behind a steamer. 

1. Daphnia retrocunm^ var. A few specimens. 

2. Epibchur a lacmtris. The principal part of the collection. 

August 5, deep water, 10 a. m., at surface, cloudy, calm. A small collection. 

1. Chironomus. A few examples of larvie and pupie. 

2. Daphnia retrocurva, var. The greater part of the collection. 

3. Epischura lacnstris. Several specimens. 

4. Diaptomus sicilis, var. A few examples. 

August D, deep water (20 fathoms), 10 a. m., sunshine, not hauled about 10 feet below surface. A 
large collection. 

1. Leptodora hyalina. Several specimens. 

2. Daphnia retrocurva, var. The greater part of the collection. 

3. DaphneUa b achyura. A few examples. 

4. Cyclops, sp. A few examples. 

5. Epischura lacustris. A few examples. 
C. Diaptomus sicilis and var. A few. 
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Aagnst 9, deep* water, 4 p. m. sanlight, uet hauled about 20 feet below surface. A good col- 
lection. 

1. Leptodora hyalina. Several. 

2. Daphnia retrocurvay var. A great number. 

3. DaphneUa hrachyura. Occasional specimens. 

4. Cyclops, sp. Very few. 

5. Epischura lacustria. Very abundant. 

6. Diaptomua aiciliSf var. An occasional example. 

August 9, 10 a. m., suushine, deep water, calm, net dragged about 90 feet below the surface. A very 
\nr*ie collection. 

1. Leptodora hyalina, A great number. 

2. Daphnia retrocurva, var., with obtuse apex to helmet. A very large number. 

3. Epufchura lacuitria. Occasionally seen. 

4. Diaptomwi aicilis, var. Not abundant. One female noticed bearing spennatophore. 
August 9, deep water, 4 p. m., 10 feet l>eluw iiurface, sunshine, calm. A good collection. 

1. Leptodora hyalina. A few. 

2. Daphnia retroourva, var. The main part of the haul. 

3. Epischura lacustris, A few examples. 

4. Diaptomus imperfectus. A few examples. 

August 4, upper end of lake, deep water, 9 p. m., moonlight, at surface. Fine and large collection. 

1. Daphnia retroounm, var. Many examples. 

2. DaphneUa brachyura. Occasional young. 

3. Epischura lacustris. The principal part of the catch. 

August 7, upper end of lake, deep water, 9 p. m., at surface, stiff breeze. A large collection. 

1. Leptodora hyalina. Occasionally observed. 

2. Daphnia retrocurva, var. The greater part of the collection. Females were bearing eggs and 

young in various stages of development, the germinal disk just forming in some, and others 
nearly ready to leave the brood cavity. The female usually carries but a single egg. These 
Daphnias were feeding on unicellular Algie, as shown by crushing specimens on a slide. 

3. DaphneUa brachyura. A few young examples. 

4. Epischura lacustris. Many specimens. One male seen with a slender spermatophore partly 

extruded. 

5. Diaptomus sicilis. Occasional specimens. 
A repetition of the foregoing. 

1. Leptodora hyalina. A half-grown example. 

2. Daphnia retrocurva. Only occasionally seen. 

3. Epischura lacustris. This collection consisted almost wholly of this species. Evidently 

breeding here rapidly, the ovaries containing ova, as many as ton to fifteen in each female, 
and the abdomens of all having the spermatophore attached. Many of the ova had a large, 
central, orange globule, and floated when detached. Most of the males with developed 
spermatophores. 

4. Diaptomus siciliSf var. Several specimens .8 to .9™™ long. Males with well developed sperma- 

tophores. 

A single short haul of the towing net in the mud of the bottom, at a depth of 10 fathoms, yielded 

several specimens o{ Pisidium adamsi {the characteristic deep-water molluskof this lake), an occasional 

Daphnia retrocurva var., several cyprids (including Candona eUmgata), a few dead branches of Polyzoa 

(apparently Fredricella)^ and a single Limnodrilus — the common mud-worm of the interior of the lake. 

SHALLOW- WATER COLLECTIONS, 1887. 

Several collections made from the margin of the lake to a depth of 9 or 10 feet gave 
a much more miscellaneous list than those from the open water. 

1. Corethra. Pupa. 

2. Chironomus. Larvas and pupic, the former occurring in every haul. 
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«). Kphtmeridw. Nymphtt of Heveral species, not determined. Most oommonly belongring to the 
genuN CcmU; one example closely allied to EodyuruSj and andoabtedly of that groap by 
Eaton's Monograph ; another similarly related to Ephemerella, 

4. Phryganeidw, Undetermined larva. 

5. itydrachnidai, sp. 

0. AHorvhtmtffB deniaia. Abundant, especially among the weeds. 

7. Aloniit sp. Several times occurring. One allied to A, tuberoulata Koch, bat probably dis- 

thiot. 
H. AcropfiruB lemcooephaluB, Noticed but once. 

9. Kuryctfrvu$ lameUatu», More abundant. 

10. OphryoxHS yraoilin (t) Sars. Examples of a species of this genus not distinguishable from 
gracilia as described by Sars* wore obtained among weeds in water 6 to 9 feet deep. This is 
appartMitly identical with Lyncodaphnia maorotkroidea Herrick. 

11. lyaphnia f^trocurvat var. Only a single specimen. 
1)). Moina rtvHroairia, Taken at the margin., 

lU. /Ailoiia Het\fera, Thnn^ speoimeus of this somewhat rare crustacean were taken among 
wihhIh in water 6 feet deep. 

14. SidiM iTyBtallimi, Rather abundant in our collections. 

15. i^chp»,»\K Several specimens; not cntically studied. 

Ui. Kpitn'Mnra /arnalritf. Only a few examples in one of the hauls at the margin. 

17. l>u%ptomu» mnlis, var. A few sv>ecimens among weeds, in water 9 feet deep. 

IS. Styhriii hvustruf. A single example near the margin. 

19. O/tAr^^iNw, sp. A few colonies of this protoioan taken from the weeds along shore. 

>W. Arwllii^ sp. Taken as aVH>ve. 

^1. l>^Myi(i.sp. Taken as above. 
August f»» among the wetnU at outlet, 5 p. m., sun, wind. 

I. Ckin^momHs^ l»rva^ Two or three examples. 

>}. .lytS«>HiNa. A single larva of these dragon dies. 

^ Kpkfm^dir, St^veral larvse, mostly of the Ephemerella group. (Eaton's Monograph, PI. 40. 

4. Hydrachnidir. Four s^Hvi mens taken. 
;\ AUot\'hfitU:* demtata. Not alniiulinit. 

tv ('(/(» r«.!*i.r.r, si>. Sovor^il o\;implos. Ainouj^ thorn repre^sentativos of f^prvt ridma. 

5. SimoK'f^hhiilm.*. sp. A doreu sj»ecimeus suiiiUr to aiNcricMMM^, but ilideriui; apparently in speci- 

lio v'harAcior^i. 
9. Moifta rti.ttrKK'itruf, Vwo examples 

10. /Mri-*. .*'.* '"u.^jjs'^. St^veml examples, iuoludiui: young 

1 1 . S»» t\t vTjj V Tst » *i •» a . A to w . 

lo. .^-'tH^o'Ji'-: ■.r.:«'frri*. A Urvjt* nuiulvr of this sjHvies. lUAkiaii. in t";Act. the chief content* of 

thovvr.ov::oi'.. 
14 i^ai'.'o'H!!'' <roi.*M, var. A to\^ o\.in:v;es. 

I • "i' •■.»■! »•«»."<, '.irv V. V s'ov.^Ut n^ iv.ro 5:vv**es. 

,». .■ •• X N -1 •: '. S\ ir.i'. ox.iiv.v'.cs. 
i \ .•■: ; f,r" i; S ^ ^ r.i t-x.i--'/^^. 
• .•*■■ ■ ' t » I "■ • " ' * « ». 

■ .; • .: •.••! : V ^ 7;. :*. "^ 
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10. Epiichura laouatris. A yery few. 

11. Diapiomus ffraoilia. Only one specimen. 

12. Ophrydium, sp. A single colony. 

A haul of the to wing-net in swift water at the mouth of the inlet, made at 9 p. m., gave the follow- 
ing list : 

1. Careihraj sp. A few pnpe about ready to emerge. 

2. Corixa, sp. Several young. 

3. SphevMritUp. The collection was largely composed of larvte of this family, mostly of the genns 

Ccrnia. One dissected, had tilled the alimentary cana^with fine dirt, containing a few fila- 
mentsof Algffi and occasional diatoms. Other larvie were allied to CallibcBtis of Eaton's Mon- 
ograph. The palpi of the first and second maxiU® had, however, but two Joints each. One 
ally of Eodjfurua was also noticed. 

4. Hydraohnida. Several examples. 

5. Allorchestes dentata, A single one. 

6. Daphnia retrocurva, var. A few. 

7. Sida oryttallina. Several examples. 

8. CyclopBj sp. Occasional examples ; not determined. 

9. Epischur* lacuatrU. Several specimens. 

10. Limnodrilua sp. A single specimen of this mud worm. 

A small colleotioQ made by turning stones in the water along the shore gave sev- 
eral LirvjB of PsephenuSj probably leoonteij but differing noticeably from Eellicott's figure 
of that curious and interesting animal, as given in the '\Oanadian Entomologist," Vol. 
XV., p. 191. A Ccenis nymph, another of the Ecdyurus group, and a phryganeid pupa 
in its sand tube, were the only other insects. A single fresh- water shrimp (Palcemonetes 
exilipes) was taken here, together with a few examples of Oammarus — possibly young 
of foHciatm^ but too small for determination. Also Allorchestes dentataj a single Oor- 
diuSy and several small leeches. 

It is evident from the foregoing that even in a lake of so m&derate size as this, the 
smaller inhabitants are quite clearly divided into pelagic and littoral groups, the lat- 
ter containing the greater number of species, but the former not less numerous in in- 
dividuals ; and a comparison of the results of dredgings shows that this difference ap- 
plies to the animals of the bottom iis well as to those swimming freely above it. 

This i)elagic group of Entomostraca includes Leptodora hyalinay Daphnia retrocurvaj 
and Epiachura lacmtris, as its principal species, Diaptomus sicilis^ another pelagic form, 
being, apparently, not very abundant in this lake; while the characteristic animalsof 
the bottom of the interior parts of the lake are Piaidium adamaij a large red Ohironomus 
larva, and a species of Limnodrilus — both this worm and the larva just mentioned 
making tubular burrows in the mud. 

It is also apparent from the product of the towing net in deep water under varying 
conditions, that the pelagic Entomostraca avoid the surface by day, whether it be rough 
or calm, or the weather cloudy or clear ; but that they do not necessarily withdraw to 
any great depth — hauls 10 feet below yielding '' good" or " large" collections when 
the sun was shining. By night, on the other hand, the yield at the surface was large, 
even in a high wind. 

LAKE MENDOTA. 

I first visited LakeMendota in August, 1884, at the request of Prof. 8. F. Baird, 
U. S. Commissioner of Fish and Fisheries, for the purpose of making a study of a most 
remarkable mortality among the fishes of a single species in the lake — the common 
perch (Perca flavescens Mitch.). 
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In August, 1885, 1 returned, again at Professor Baird's request, with Prof. H. Gar- 
man, then my assistant, for some further studies bearing on the same subject. 

Fourth Lake, or Lake Mendota, Wisconsin, is the uppermost and largest of a chain 
of lovely glacial lakes lying about the State capital, finding an outlet through a 
small stream into Rock River. It measures about 5f miles in greatest length, from 
east to west, and about 3^ in width, from " University Landing" to the head of Cat- 
fish Bay. It is thus wider than Lake Oeneva, but not so long, and is not nearly so 
deep. The deepest sounding made by me was but 79 feet, and the average of six 
soundings, well distributed over the trough of the lake, was 10 feet less. The bottom 
is more diversified than that of Lake Geneva, showing reefs of rock and of sand, and 
a large area of weedy shallows. Its waters consequently swarm with fish — especially 
with the common perch — and the amount and variety of invertebrate life is doubtless 
greater than in the more uniform Lake Gene^;a. The bottom in the deeper water is not 
dififerent in character from that of the other lake, but is covered by the same soft cal- 
careous mud, with its peculiar little group of animal inhabitants. 

Catfish Bay, about a mile and a half across, and half as deep, is bordered by an ex- 
tensive marsh, which is drained by Catfish Creek, the principal feeder of the lake. 
There are about 80 acres of marsh at other points around the lake, but the shores are 
otherwise rolling, or even bluffy, especially in the narrower and deeper eastern 
division of the lake; and here are also several unfailing springs. Many other springs 
are said to open along the shores, below the water level. This lake differs from the others 
of the chain by the fact that it has much the largest drainage area and receives a larger 
affluent than any other; and this, as already said, drains a swamp. The waters 
of the lower lakes come mostly from Lake Meudota, in which they must have depos- 
ited much of their sediment, and where much of their organic matter must undergo 
decomposition before they flow off through its outlet. On the other hand, about 
three-fourths of the sewage of the city goes into Third Lake, or Lake Wenona, the 
next below. 

DREDGINOS. 

My general collections from the lake in 1884 were limited, by want of time, to 
three hauls of the dredge, made with the aid of a small steamer, one in shallow 
water (8 to 9 feet) on a sandy bottom, one on a rocky reef at a depth of 12 to 18 feet, 
and a third on a mud bottom at 12 to 12J fathoms. 

The first haul, on a sandy bottom covered with Nitella^ yielded a great number of 
small white larvie of Ghironomus, with several small amphipod crustaceans (Allor- 
chestes (Untata), two or three small niollusks {Amnicola)^ a few worms (Stylaria 
lacustris)^ a single larval ephemerid (Ccenis), and two Entomostraca (Eurycercus lamel- 
latus and a species of Gypris.) The collection was a small one, the entire product a 
cubic half-inch. 

The haul on a rocky bottom gave only some small moUusks, not yet identified. 

The deep-water dredginjjj gave precisely the same group of animal forms as those in 
the nuid of Lake Geneva, namely, a good collection of PinuUum adamsi Pr., several 
large deep red Chironomm larvjo, and a species of the tube-making worm Limnodrilus, 

The princii)al collections of 1885 were made by nine hauls of the dredge, three of 
a fine- meshed seine, and seven of the surface net. 

Those from the deeper water did not dilfer in any way from those of the preceding 
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year; bat a haal in ouly 20 feet of water on the rocky reef above mentioned gave the 
common deep-water forms, Pisidium adamsi and the red OhironomuSj* with an occa- 
sional Oorethra larva also. 

The shallow-water dredgings of 1885 were mnch more frnitfal than those of 1884, 
giving many times the nnmber of individuals, and especially a greater number of case- 
worms and small crustaceans (Allarchestes). 

A cursory examination of a haul of the dredge made on the sandy shallow, likewise 
dredged in 1884, showed an abundance of Allorchestea dentata and small white Ohiro- 
namtis larvsB, a multitude of case-worms of various genera (including the curious 
Heliopayche in its spiral tube of sand grains), Amnicola, Valvata tricarinata and F. 
sinoeraj SphceriuiUj leeches, planarians, etc., and a few Entomostraca. A &ae Pluma- 
tella occasionally occurred encrusting the stems of weeds in shallow water. 

The ordinary UnionidsB of these waters were Unio luteolua and Anodonta footiana, 
both of which were very abundant. 

In the surface net occurred immense quantities of a helmeted Daphnia with head of 
truly monstrous size, sometimes larger than the body, apparently the Daphnia kerusses 
of Oox, rather imperfectly described and figured f from Fox River, the general out- 
let of this chain of lakes. With this were also many Daphnias of a species appar- 
ently new. Associated with these were frequently found large numbers of Lepto- 
dora hyalinaj a few OyclopSy DiaptomuSj and Epischura^ occasional larvsB of Ohirano- 
mu8 and OorethrajX examples of Daphnella and of water-mites (Hydrachnidae), and 
immense and astonishing quantities of a shelled flagellate infusorian, Oeratium longi- 
oorney with now and then the curiously similar rotifer, Anurea longispina. These mi- 
nute forms fairly lined the net, and clouded the alcohol in which the specimens were 
preserved. 

If any useful comparison of the biological conditions prevailing in Lake Mendota 
during these two years may be made on the rather slender basis of my collections, it 
would lead to an inference that invertebrate life was very much more abundant in 
1885 than in 1884, and would suggest an over- population of the lake in the latter year 
which had greatly reduced the usual food of fishes of indiscriminate carnivorous habit. 
The vast abundance of the perch especially, in this lake, is shown by the fact that 
they formed nearly the whole product of three hauls made with the seine in 1885, not- 
withstanding that approximately 300 tons of this species had died here during the 
epidemic of the year before. 

*Thi8 blood-red larva, so often mentioned, is aniformly segmented, and aboat ^ millimeters long. 
It bears on the back of the penultimate segment four clavate anal appendages about as long as the 
segment itself and on the antepenultimate segment two pairs of similar appendages, one at the anterior 
third and the other at the posterior margin. At the posterior margin of the dorsal surface of the 
penultimate segment are two prominent ohitinous tubercles, each bearing three long recurved hairs. 
The labrnm bears fifteen teeth, the middle one large and blunt with a very small coherent tooth each 
side. The remaining six on each side diminish in size outwards, the inner one of the series being 
larger than the median tooth. This tooth and the second are very closely united, the others free. 
The antennsB are five-jointed ; the first joint cylindrical, stout, and very long, more than twice as long 
as the other four taken together. It bears articulated to its inner distal margin a long spine, lobed at 
the base, and as long as the remainder of the antenna. The next joint is also cylindrical, and about 
one-fifth as long as the first; the third joint is thick and short; the foorth longer but more slender ; 
and the last minute. 

t Amer. Monthly Micros. Jour., Vol. iv (1883), p. 88. 

t Our collections were all made by day. 

Bull. U. S. P. 0., 88 31 
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THE FISH EPIDEMIC IN LAKE MENDOTA IN 1884. 

Early in Jaly, 1884, pablic attention was attracted, at Madison, Wisconsin, to the 
extraordinary numbers of fishes dying and floating ashore in Fonrth Lake or Lake 
Mendota. By the middle of the month the accamalation of their rotting bodies along 
shore had become a public nuisance, and the street commissioner began to cart them 
away from the city front and bury them. By the 19th not less than 15 tons had been 
thus removed, and by August 4 from 75 to 100 tons. As the city borders only a 
small part of the lake, it was estimated that fully 300 tons had died up to that time. 
On August 7, the Madison Transcript reported that 200 tons had been hauled away 
by the city authorities during the four weeks preceding, and that the fishes were still 
dying. August 15, when the writer arrived at the lake, this remarkable epidemic had 
practically ceased, and during the week following (about six or seven weeks after its 
beginning) it disappeared completely, not to return that season or the following 
summer. 

By far the greater part (perhaps 90 per cent.) of the fishes which perished were the 
common perch {Perca flavescens)^ much the most abundant species in the lake. Kext 
came the lake herring {Coregonua artedi)^* locally called the <^ white fish;" while 
pike-perch, white bass, and sun fish {Lepomis) were much less numerously represented. 

My own first visit to the lake was made in consequence of a request from Professor 
Baird, then U. S. Fish Commissioner, conveyed in the following letter received by me 
at Normal, Illinois, August 13 : 

Wood's Holl, Massachusbtts, August 10, 1884. 
Dear Sir : Wonld it be convenient for you to visit the districts in Wisconsin where the mortality 
among the fish has developed itself to a very great degree T If yon can, I wiU be glad to have yoa 
make a thorough investigation of the circumstances of the case. • • • j consider it a matter of 
very great importance, and one that should occupy the careful attention of specialists. I requested 
specimens to be sent to Mr. Ryder for his examination, but an investigation in the field on the sick and 
dying fish will be of much more importance. 

Yours truly, 

Spencer F. Baird. 

I arrived at Madison August 15 at 2.30 p. m., with seine, dredge, microscope, and a 
suitable apparatus for studying the fresh fluids and tissues of the diseased fishes, and 
for the permanent preservation of material of all kinds likely to throw any light on 
the subject under investigation. Through the kind assistance of Hon. Philo Dunning, 
of Madison, president of the Wisconsin State Fish Commission, a work-room was 
obtained at once in the boat-house of the steamer company, at the principal landing, 
and I spent two hours on the lake the same afternoon in search of dead and dying 
fish. I remained here until August 22, making collections as opportunity offered, 
carefully examining the freshest obtainable specimens for evidence of fungous parasit- 
ism, making numerous autopsies of fishes recently dead, preparing and staining slides 
of the blood and other fluids of those not yet dead when taken, for bacteriological 
study, and preserving the tissues of such fishes for later histological work. I also 
dredged the lake along shore and in deep water, as described in a foregoing part of 
this paper, but lack of time prevented my making as extensive general collections as 
was to be desired. 



* This fish waH introduced from Lake Michigan some years boforo, according to information given 
me by Mr. Philo Dunning and others. 
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Daring the first two or three days it was not difficult to find floating on the lake, 
among hundreds of putrescent bodies, now and then one which presented a fairly fresh 
appearance, the gills unaltered, the eyes not sunken, and the color bright. During 
many hours rowing, however^ I saw but two perch in the act of dying and succeeded 
in capturing but one. The actions of these perch were pi*ecisely those described by 
previous observers as characteristic of the death struggle of the diseased fish. They 
were at the surface, fluttering their fins, spinning irregularly about or scarcely moving 
at all, often gasping as if for breath, rolling over on their sides or backs between 
convulsions, and occasionally, for a few moments, disappearing from sight or swim- 
ming feebly* and irregularly along. The single sick fish captured, I took while it was 
still struggling, but it scarcely moved after it was landed in the boat. Slides of the 
blood of this fish, taken with a pipette from the auricle of the heart and from the 
venous sinus, were at once prepared, and its viscera were placed in 94 per cent, alco- 
hol within a half hour of its death. I made similar preparations of the fluids and 
organs of other perch that had died of the disease — the freshest I could obtain — and 
dissected twenty-four of them for a study of the contents of their alimentary canals. 
In preparing the blood, I used the common method of making slides for bacteriolog- 
ical study, drying rapidly upon a cover glass a thin film of the blood, flaming it in the 
blaze of an alcohol lamp, staining with a glycerine solution of methyl violet or of 
Bismark brown, and mounting in Canada balsam. 

The general appearance of recently-dead specimens was that of a healthy fish. 
They were, almost without exception, in good average condition, often fat and plump; 
a fact noticed with astonishment by all who gave the matter any close attention. The 
color was always bright, and the surfiice everywhere clean, and without a trace of fun- 
gous attack. The gills were very commonly congested, but not appreciably more so 
than those of a fish dying in the air. Their mucous membrane was seemingly always 
quite uninjured, and was certainly so in several specimens of which I examined the 
filaments microscopically ; and there was no trace of parasitism, fungous or animal, 
in the gills of any fish I took. The heart was always distended with blood and some- 
times so gorged that the bulging of the venous sinus was visible from without. The 
liver was likewise congested, but seemingly by mechanical causes, as its tissues gave 
no evidence of infiltration. The blood itself Wcis normal, the corpuscles in perfect con- 
dition, and both they and the plasma free of bacteria. The alimentary canal pre- 
sented no unusual appearance, and was commonly fairly well filled with food, much 
of which had evidently been eaten rather recently. Man^- of the large Ghironomus 
larvjB, which composed the greater part of it in every case but one, were entire and 
still retained their dark red color. 

Ooncerning the histological condition of the principal tissues of the diseased perch 
I have unfortunately very little to report. My removal during the autumn of 18S4 from 
Normal to the University of Illinois at Champaign, and the consequent transfer of 
the laboratory equipment and collections under my charge, made it impossible for 
me then to prepare and mount the material obtained for histological study, and this 
was kindly undertaken for me by a microscopist in Chicago. From him I received 
later a good series of sections of liver, spleen, heart, brain, kidney, stomach, and in- 
testine of the lake herring, but all the material from the single jierch taken alive was 
destroyed by an unfortunate accident while in his possession, and I had left for study 
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f|y/«#^ tw'/ pi^i:U wtii^'Jh UnA ^t^ot^u tUatA afi nukrufwu U:uigtiti of time vhen takoL 

Ai^iui U^Hi$ tlm %iffy;\u%^4 the b^^rt and coog^sirtir/o of the liver already meDtiooed 
M#id M §^0i4iiMtipie '44i$dHiui iff i'AtWnUit den^etiemtum in the liver and a^pedallj in the 
•f^U^t^if ttM^aM". i»lid40<» ic^ve uo AefiuitM liicit ^/f tbe naUire <ff tbe diJKsaise. This degeoera- 
f.i//ii, V4$r> i#Hi/;b «ri//fe n^huhiiaut in the herrirj^, '^ociHJjfted of a conversion of the eon- 
(UeiiM of ilM$ i'Mlh inUp a yellow^ di^rk brown, or blar^k loawi of minute spherical gran- 
iibM wbf/rfi bad Hut a|;|iea raiu'^e of irii';rrx5^>cr;j ; bot ait tbey did not stain with aniline 
(tbi'.y war*', vtffy |;rol#ably pf K^riiefit Kniriuleii iriHtea^l; a sopposition rendered more plans- 
f blif by ibi$ if^pial //r gr^^Utr \^\u;%neiitiitum of the viM^ra which 1 have since noticed 
ill iimiiy m^miiiit^y bi^ltby tiuht^H, ThttHi^ altererl ^^ellM were more abundant near the 
lari^i'j' lit/Kid vieiMM'Js, and wb<?re <$/ini«iderab]e nmnliers of them had undergone degen- 
m'diUm ibi«fr walls wnrtt oftAtii brokien down, and the cells were thus replaced by a ool- 
liM'/lJ/in of Uii^fr dark y<«Jlow or bla^'.k I'/^intents. 

Krom a ((i^iM^ral study of uty UhU ts^ilbfi^tions and of the conditions prevailing in 
lMkt^ Mmidota a nnm\mr of luiditlonal fiwAM of some significance may be selected. 

(I) Tbii hi^rrfng, or N^i'Calb^d whiti^ftsh, of the lake were perishing in extraordi- 
nary niinilii^rs duririK tbn i^ntin) p<'Tio<l of this outbreak, with symptoms precisely like 
tlM»M4t of Ijjii imroli, and taking iuUf hA'Aumnt the relative numbers of these species in 
UiH liibM, |Miriiaim in as Uir^iUfV 4*,ven larger proportion. These herring, like the perch, 
arit, as is wull known, bott^oni feeders, and in niidHummer remain in the deeper waters. 
KurMiMrinore, Miey die i^y/i^vy summer, ar.eonling to the uniform testimony of those with 
wlioin I talked, in preelsely the same way tvs in 1884, but in very much smaller nnm- 
Imrs. TIh^ eondition of the bodies of Mie fresli herring examined, two of which were 
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that i(H at^don was g^^atl> iuteusilled in ISSt. 

[*J\ \'\\v \[u\\K\\'\{y tiftlu^ ptMehdyiii^r wt^iHN full grown, and absolutely no young were 
Hoen oiihor U\ ni.Nsolf or bv aii,v tuie with whom 1 talked. The eaptain of the passenger 
steaiuoi\ who .spends most of his time on this lake, had seen none dead less than 5 
or t» inolnvs in loii^th and i»f an estiniatetl age of three or fi>ur years. The smallest 
Npooiinrns N>hioh I s.i\> wort^ at h^ast halt j:n>wn; but aeeinvlinu ti> Professor Birge, of 
the rnixeisilN of W isovMisin, a feN> speeuueus weiv SiH>n not i>vero or 4 inches long. 

y\^ Ihoie N>a.s a marked v'onlrasi \\\ {\hh{ betwivu the dead and diseased fishes and 
the heallh> ou.s taken b> the use of the seine in the shallow waters alongshore. 
Ihe l\»un\n h \y\ e.Uon. ahuv>si withvMU e\v*option, little or nothing but a larire rtnl Chi- 
umumuun LuN \ liNiUii^ .ks shv>N> 11 l\\ ihe notes on cv^lleetious i;iven in the preceiling 
p,Ml \»t iluNpu»ei\ ni iho nuul ot* tluMleepoi' N\atei\ N\hile the healchv lislios taken in 
vUe NvMno had UvU led ai aU u^hmi iht\se lari^e r\*d larva\ luir vvtly uivn s:r.a!l<T white 



INVERTEBRATES OP LAKES GENEVA AND MENDOTA. 485 

larvse of another species of Ohironomas and upon a variety of the smaller animal forms 
occarring among the weeds in the shallow water. The following are the details of the 
food of fourteen diseased perch and of nine healthy ones taken by hook or seine at the 
same time, the numbers being those from my laboratory catalogue of accessions. 

FOOD OF DISEASED PERCH. 

4929. The intestine of this specimen was empty, but the stomach was well filled 
with larvft) and pupae of the large red Ghirouomus. 

4947. Full of large red Ghirouomus larvie* 20 to 25 millimeters in length, and 
pupsB of the same species 16 millimeters long. 

4948. A great quantity of food, consisting of the usual large red larvse and pupsB 
of Ghironomus, 15 millimeters long, with some very fine dirt. 

4949. A moderate amount of the large Ghironomus larvae and pupae. 

4950. A rather small quantity of larviB and pupte of red Ghironomus, with some 
very fine dirt. 

4951. A moderate amount of the same material. 

4952. Bed Ghironomus larvie and pup^e, as usual, in very large quantity. A single 
crushed entomostracan of the order Gladocera. « 

4953. The usual larvae and pupae of Ghironomus only. 

4954. As above, the larvae 20 millimeters in length. 

4955. A great quantity of food of the usual character and nothing else, the pupae 
predominating. 

4956 and 4957. Larvae and pupie of the red Ghironomus only. 

4958. This specimen furnished the only exception to the usual food of the dead 
perch taken. The stomach contained a moderate number of nymphs of Ephemera and 
a few small white larvie and pupie of Ghironomus, the larvte 10 millimeters long. Al- 
though dead when taken, it is possible that this fish had not perished by disease. The 
objects which it had eaten are those found in relatively shallow water. 

4961. A rather small amount of food, not recently taken, the pupae and larvae of 
the red Ghironomus being chiefiy in fragments. 

The contents of the alimentary canal of ten other specimens, not examined 
microscopically, was evidently of the same character. 

FOOD OF HEALTHY PERCH. 

4945. Ghiefly larvae and pupae of Ghiron<imus, the former white, 10 millimeters 
long ; also two or three specimens of Allorchestes dentata^ and a long and slender case- 
worm with tube of sand. 

4946. A considerable number of small larvie and pupae of Ghironomus, white in 
color, several Allorchestes dentata^ a single caseworm with sand tube, one specimen of 
Eurycercus lamellatMS^ and a single Gyclops. 



* The food of these larvie, (Icteriuiued by dissection, consisted of very fine mud, with a great 
qaantity of minute ve;retablt3 debris, coinposed of varions kinds of cellular structures. These were evi- 
dently in a state of decomposition, as shown by the vast numbers of bacilli au'l other bacteria everywhere 
among the contents. There was also occasionally a filamentoiisalga resembling Osoillariai and a few 
unicellular algie were noted. 
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4969. Ohiefly the small white Ohironomas larv», and pap» of the same, aevenk 
examples of AUorchestea^ a few nymphs of the genus Ephemera, a single EuryeereuB 
lameUatu8j and fragments of filamentous Algse, with some other vegetable particles. 

4960. A considerable quantity of the larv» and pnp» of Ghironomns already 
mentioned,— the former 9 to 10 millimeters long, — ^together with immature Ephemerae 
and firagments of filamentous Alg». 

4962. This specimen added to the usual Ghironomns lanr» and pupse which 
formed the greater part of the food, a few AUarchesteSj a young larva of Ephemera, a 
Oorixa larva, a small leech, and a single young Sphaerium: 

4963. Many specimens of AUarehestes dentata^ a few caseworms with their sand- 
tubes, several nymphs of Ephemera, a considerable number of small ohironomid larvie, 
and two specimens of Gydops. 

4964. Ghiefly larvse and pup» of the small Ghironomns. Besides these a few 
caseworms and specimens of AllwreheBtes. 

4906. (From Third Lake.) Several of the usual small Ghironomns larv», a larva of 
Gorethra, and the moUusk Physa. 

498S. The stomach of this example contaioed only larv» and pup» of the small 
Ghironomns. In the intestine, besid^ the above, there were two caseworms in their 
cases. I 

(4) All the facts just cited tend to show that the perch perishing were ranging in 
the deeper water, and that they had almost invariably made their last meal of insect 
larvsB found only in the mud of the deeper parts of tJie lake; that they had been, in 
short, in company with the herring likewise notably diseased. I was informed by a 
fisherman fiEkmiliar with the lake and its inhabitants that it was an extraordinary thing 
to find the perch ranging into deep water in midsummer, although they were frequently 
found in numbers in the depths of the lake in winter, when fished for through the ice. 
In these winter specimens red " worms'' (Ohironomas larvae t) were often noticed. 

(5) The mud from the deeper part of the lake, as has been already mentioned, had 
a peculiar rank and almost stinking odor, and contained a considerable quantity of 
organic matter undergoing more or less rapid decay. 

(6) A comparison of my collections from Lake Mendota with those from Lake 
Geneva, reported in this article, and especially with my much more abundant collec- 
tions made from the lakes in northern Illinois, shows an unusually small proportion of 
cray-fishes, Aselli, Allorchestes, and other crustaceans ordinarily common in our lakes 
among the weeds and shallower waters generally, and a correspondingly large percent- 
age of Chirouomus larvae in the food of all the perch examined, — a fact which hints 
at the probable deficiency in this lake of the kinds of insect larvae and crustaceans 
usually selected by the perch. 

(7) The weather of the summer had been warm and rather showery, but not in any 
way especially remarkable. There was, however, one heavy flooding rain not long be- 
fore the outbreak of the fish disease, which may well have washed into the lake unusual 
quantities of organic matter from the swamp beyond Catfish Bay and from the sur- 
rounding country. Any organic accumulations due to such an occurrence would neces- 
sarily have been more evident in Lake Mendota, the uppermost of the chain, and that 
with the largest drainage basin, than in any of the lakes below. 

(8) What seem, from the best information I can obtain, quite similar cases of 
destruction of our native fishes, are of rather common occurrence in the rivers of Illi- 
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nois in the hottest weather of the year. They osaally, if not always, follow apon 
flooding rains, and thns occur when the streams are fnll or overflowing with tnrbid 
water loaded with the products of decay. They are sometimes succeeded by great 
deposits of rotting fish along the river front of towns, requiring burial to protect the 
general health. 

We have in the facts reported here abundant material for surmise and the con- 
struction of hypotheses ; but no means of precise verification. Arriving at Lake Men- 
dota after the practical cessation of the epidemic argued a disappearance or a great 
reduction of its cause, and unable to obtain good material enough from which to gen- 
eralize, I have withheld this report in the hope that a similar occurrence within my 
reach might enable me to complete the investigation. Several of the kind have, in 
fact, been noticed in Illinois within recent years, knowledge of which has reached me 
through our State Fish Commission, but always much too late to permit successful 
study. It therefore now seems to ine best merely to put on record the facts already 
ascertained, and to postpone discussion until more evidence has been collected. 
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